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The increasing use of pesticides in Gaza governorates raises the potential risk of 
groundwater contamination, thus the Adsorption and leaching potential of two phenyl-
ureas herbicide, diuron and linuron in selected soil samples from Gaza governorates soil 
were studied. 
 
The adsorption behavior was studied using the batch equilibrium technique and UV-
Spectrophotometer method was used to determine the concentration of the both 
herbicides. 
Soil samples from three locations in Gaza governorates from the top 30 cm layer were 
selected. Primary investigations of selected soil indicate that the clay fraction was 
ranged 10% - 27.5%. The content of organic matter was found less than 1%.  
Columns technique and bioassay method were used to determine the leaching potential 
of the herbicides in the selected soils. Mulukhia was used as a test plant in the bioassay 
method. 
Results of adsorption experiment showed that linuron and diuron are adsorbed in 
various amount in Gaza soils according to variation in pH, organic matter and clay 
content. 
  
Fitting the adsorption data to Freundlich equation showed that the Freundlich constant 
“k” increases in the same order as the organic matter. 
 
The leaching results showed that linuron and diuron were retained in the soil columns 
and field plots at various depths of soil. Bioassay technique detected high concentration 
of diuron and linuron in the top soil layer (0-13 cm) of Middle Governorate and in the 
top soil layer (0-10 cm) of Khanyounis Governorate and North Gaza Governorate.  
 
The results were also evident by severe growth inhibition restricted in the top soil layers 
(0-10 cm) generally whereas showed normal growth at deeper layers in soil columns 
and field plots. 
A bioassay technique was a sensitive tool and detected diluted concentration of diuron 







 باستخدام طريقة  linuron  و  diuron محافظات غزة لمبيدي هدف هذه الدراسة إلى تقييم جهد غسيل تربةت 
 batchبطريقة    دمصاصي للمركبين باستخدامبيولوجي. لقد تم دراسة السلوك اإلالتقييم الاالعمدة و 
equilibrium  وتم تقدير التراكيز المتبقية من المبيدين باستخدام  UV- Spectrophotometer ,  وتم دراسة
 باستخدام نبات الملوخية كنباتات اختبار حساسة. والتقييم البيولوجي, ةربة باستخدام نظام االعمدسيل التجهد غ
 
لقد بينت نتائج تجربة االدمصاص ان المبيدين حدث لهما ادمصاص بكميات مختلفة في ترب محافظات غزة وذلك 
وية ومعادن الطين.  وقد استخدمت حسب االختالف في قيمة الرقم الهيدروجيني ومحتوى التربة من المادة  العض
" يزداد  Freundlich   "kلوصف السلوك االدمصاصي وقد اظهرت النتائج  ان ثابت   Freundlichمعادلة 
 بزيادة محتوى التربة من المادة العضوية.
 
تلفة. ولقد على اعماق مخ محافظات غزة تحتفظ بالمبيدين ان تربةعمدة تقنية األ باستخدام بينت دراسة جهد الغسيل
على  ) التربة الرملية(الوسطى المحافظةفي تربة  diuronكشف التقييم البيولوجي عن وجود تراكيز مرتفعة من 
( من  cm 10-0خان يونس وشمال غزة على عمق ) محافظتي ترب ( من الطبقة السطحية وفيcm 13-0عمق )
 .الطبقة السطحية 
وان من جهد الغسيل تحت ظروف المختبر غسيل للمبيدين في الحقل ان جهد الفي الحقل  بينت دراسة جهد الغسيل
, وان جهد الغسيل لمبيد  linuron. ولقد تم لحصول على نتائج مشابهة لمبيد المبيدين يتركزان في الطبقة السطحية
linuron   اكبر من جهد غسيل مبيد  diuron. 
تربة, وأن جهد الغسيل للمبيدين يرتبط بكمية المادة العضوية بينت النتائج ان المبيدين يتركزان في الطبقة السطحية لل
   .ومحتوى التربة من الطين
 10-0الطبقة السطحية )تربة  النتائج السابقة كانت واضحة ايضا من خالل تثبيط النمو الحاد الذي حدث للنباتات في 
cmا في االعمدة  وفي الحقل ايضاقمالطبقات االكثر ع تربة ( بشكل عام وقد كان نمو النباتات طبيعيا في. 
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Environment contamination from pesticides is raising concerns for the public and 
regulatory agencies. And their fate in soil is of main concern, as they bring a great threat 
to groundwater. The use of pesticides is an indispensable tool for the production of high 
yields in modern agricultural systems, however it is estimated that without the use of 
pesticides a significant percentage of food and fiber crops would be lost, infectious 
diseases would increase, and valuable native habitats would be devastated pesticides 
(Rice et al., 2007). 
R
2
At present more than 500 different formulations of pesticides are being used in the 
environment and it has been reported that less than 1% of the total applied pesticides 
reaches the target pests (Gavrilescu, 2005), wherase a large portion of applied 
pesticides and their transformation products move off-target. 
After the application of agrochemicals to a soil system, various physical, chemical, 
physico-chemical and biological processes determine their behavior (Sparks, 2003). An 
understanding of pesticide transport processes in soil is essential to solve a number of 
problems facing agricultural and environmental scientists.  
Movement of pesticides from the sites of application to non-target regions creates three 
problems, it represents an economic loss to farmers, inefficient control of pests, and 
possible environmental contamination (Waite et al., 2002). 
Agriculture represents an important economic sector in Gaza Governorates, it is greatly 
affected by plant diseases and pests, which reduce both quantity and quality of products. 
To overcome this problem with the increasing demand on food and fiber farmers led to 
greater use of pesticides for production crops, farmers reset to chemical controls. 
The fate and impact of pesticides application in the Palestinian National Authority 
(PNA) is likely to remain unknown, as the local scientific community is not experienced 
in making the required studies. 
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Lack of national regulation on pesticide use, prohibition of pesticides placing on the 
market and use of plant protection products containing certain active substances are out-
standing environmental issues (Andersen et al., 2008). 
 
1.2 Identification of the problem 
Groundwater is the most precious natural resource in the Gaza Strip which used for 
drinking and agriculture. In Gaza governorates, about 85% of water wells in Gaza 
governorates is not suitable for drinking due to components of alkalinity, and increased 
the concentration of salts and nitrates (Amnesty, 2009). The groundwater aquifer of 
Gaza governorates is extremely susceptible to surface-derived contamination because of 
the high permeability of sands and gravels that compose the soil profile of Gaza 
(CAMP, 2000). Pollution of the groundwater in Gaza is a major problem, not only are 
there numerous sources of pollution, but also the aquifer is highly vulnerable to 
pollution (UNEP, 2003). 
Agriculture plays an important role in the Palestinian economy contributing to food 
requirements and providing jobs. The total areas of agricultural land in Gaza 
Governorates are 160,209 dunums (PCBS, 2009a). Because of the large increase in 
population and the narrow of agricultural area in Gaza strip, people have to use 
fertilizers and pesticides to increase the productivity of agricultural land. Apparently, 
misuse of pesticides by the farmers increased the level of soil and water contamination 
across Gaza (Issa et al., 2010).  
In Gaza governorates human activities including agriculture and inadequate waste 
management have increased groundwater contamination levels. Intensive cultivation 
and efforts to boost production have led to excessive use of fertilizers, pesticides, 
herbicides and soil fumigants, while collection, treatment and disposal of wastewater 
and solid waste (including hazardous materials) are wholly inadequate in many areas 
(UNEP, 2003). 
In Gaza Governorates, groundwater pollution by pesticides, wastewaters and other 
hazardous chemicals has been reported (Safi et al., 1993; Afifi, 2003; Shomar et al., 
2006; Afifi et al., 2011). Soil and water are polluted in Palestine (PCBS, 2009b), due to 
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inappropriate agricultural practices (especially an inorganic fertilizers, pesticides), 
industrial activities (organic pollutants, heavy metals) and solid waste. 
Application of pesticides has resulted in contamination of food and agricultural 
commodities in many countries in the Middle East (El-Nahhal, 2004). This situation 
may be associated with health disabilities (Safi et al., 2005) and chronic diseases (Safi 
et al., 1993; Safi, 2002). Furthermore it is clear that the uncontrolled use of pesticides 
led to harm of non-target organisms (Miller, 2009). Many of the chemicals used in 
pesticides are persistent soil contaminants, whose impact may endure for decades and 
adversely affect soil conservation (EPA, 2007).  
In the absence of national regulations on sustainable use of pesticides, excessive use of 
pesticides might lead to detectable concentrations in breast milk and enter groundwater 
and surface water (Mallatou et al., 1997; Safi, 2002). 
On the other hand, sustainable agriculture cannot yield food materials within reasonable 
prices without partial use of pesticides. However, application of various herbicide 
formulations has resulted in contamination of groundwater in USA, Canada, Europe, 
and the Middle East (Thurman et al., 1996 and Ritter et al., 1996), pollution of 
aquatic eco-systems (Wang & Freemark, 1995), and damaged the plants growing in 
the next crop cycle. Researchers tried harder to develop less hazardous and 
environmentally safe formulations (El-Nahhal et al., 2001; Lagaly, 2001; Rytwo et al., 
2005). 
Leaching of pesticides is a common and growing problem in major agricultural regions 
(DaSilva et al., 2003). In Gaza Governorates leaching from soil can lead to the 
contamination of the groundwater (Shomar et al., 2006). 
All these studies show the widespread use of pesticides in Gaza Governorates and its 
presence in troubling quantities which makes us worry about the future of the 
groundwater in the Gaza Governorates and the risk of the impact of these pesticides. 
Furthermore application of herbicides to control weeds in Gaza Governorates is 
growing due to infestation of weeds. 
According to the Ministry of Agriculture in Palestine, the Gaza Strip consumed several 
hundreds tons of pesticides every year. Agricultural activities in Gaza Strip also have 
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been associated with excessive and uncontrolled use of dozens of pesticides (Shomar et 
al., 2006). 
Linuron and diuron are two herbicides used in Gaza Governorates. It has been shown 
that the available commercial formulations are emulsifiable concentrate (EC), soluble 
concentrate and/or wet able powder. In spite of relatively low solubility of the above 
mentioned herbicides in water and the low vapor pressure the use of them created 




The objectives of this research work are: 
1. To evaluate the adsorption behavior of linuron and diuron herbicides in selected soils 
from Gaza Governorates.  
2. To evaluate the leaching potential of linuron and diuron herbicides in selected soils 

















2.1 Study Area 
Palestine is located in the Middle East surrounded by Lebanon and Syria to the North, 
Jordan to the east, Egypt to the South and Mediterranean Sea to the West. This 
geographical location provides the link between the Asian part and the African part of 
the Arab world. Gaza Governorates is a part of Palestine about 360 KM2 with 
approximately 40 km long and the width varies from 6 km in the north to 12 km in the 
south. Gaza Strip is divided geographically into five governorates: Northern, Gaza, Mid 
Zone, Khanyounis, and Rafah as shown in Figure (1.1). 
Gaza Governorates has a characteristically semi-arid climate, and is located in a 
transitional zone between a temperate Mediterranean climate to the west and north, and 
the arid Negev and Sinai deserts to the east and south. There are two well-defined 
seasons: the wet season starting in October and extending through March, and the dry 
season from April to September. Peak months for rainfall are December and January. 
The Palestinian Territory (P.T) suffers from a high population density and a lack of 
natural resources. On this narrow strip, which is considered among the highest 
population densities in the world, the population of Gaza governorates is about 
1,713,505 million people live and work (MOI, 2011).  
The topography of Gaza governorates is characterized by elongated ridges and 
depressions, dry streambeds and shifting sand dunes. The soil in the Gaza governorates 
is composed of six types, sandy soil, sandy loess, sandy loess soil over loess, loessal 
sandy soil, loess soils and silty clay (PWA, 2003). The sandy soil is found along the 
coastline extending from south to outside the northern border of the governorates, at the 
form of sand dunes. Clay soil is found in the north eastern part of the Gaza 
governorates. Loess soil is found around Wadis (Aiesh et al., 2010). The soil map of the 































Figure (2.2): Soil map of the Gaza Governorates (PWA, 2003). 
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2.2 Extent of Pesticide Usage in Gaza Governorate 
Pesticides are considered as pollutants in Gaza governorates and with the expanding use 
in greenhouses. Palestinian agriculture is becoming increasingly dependent on chemical 
pesticides and fertilizers (Safi, 2002). In Gaza governorates, the annual rate of use of 
agricultural fertilizers reached 12,000 tons of chemical fertilizers (PCBS, 2009b). 
Annual  pestiicides tonnage used in agriculture in the Gaza governorates ranges from 
500-700 tonnes/year, According to the Ministry of Agriculture in Palestine, the Gaza 
Strip consumed several hundreds tons (500-700 tonnes/ year) of pesticides every year. 
In the eight recent years the annual tonnage used of herbicides in agriculture in Gaza 
Governorates ranges from 20-40 tonnes/ year as shown in Figure 2.3 (MOA, 2012). 
which leads to an annual average of 3.84 kg/dunum of pesticide used in the target areas 
(Al-Saed et al., 2011). 
PCBS reported in 2009 the annual rate of pesticides used reached 893.3 tons, consisting 
of about 160 types, 19 of them are internationally banned for health reasons. 
The Palestinian National Committee identified only 242 active ingredients that are 
adequate for use and permitted for application in the agriculture (MoA, 2008). 
Pesticides that have been banned or restricted in many countries continue to be 
marketed and used in Gaza (IARC, 1999). Of the total pesticides used in the Palestinian 
Territories (P.T), insecticides contribute at 49.4 %, fungicides 33.7 %, herbicides 12.8 
% and others 4.1% (Batta, 2003). In apparently, misuse of pesticides by the farmers 
increased the level of soil and water contamination across Gaza (Issa, 2000). 
Figure (2.3): Gaza Governorate consumption of herbicides over the last eight years. 
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Table (1.1): Twenty-one herbicides used in the last ten years in Gaza Governorates- 
Palestine (MOA, 2011). 
# Name Chemical class 
1 2,4-D Aryloxyalkanoic acid 
2 Bentazone benzothiadiazinon 
3 Bromacil Uracil 
4 Cycloxydim Cyclohexanedione oxim 
5 Diquat Bipyridylium 
6 Diuron Urea 
7 Ethalfluralin Dinitroaniline 
8 Fluazifop-butly Aryloxyphenoxypropionate 
9 Glyphosate Glycine derivative 
10 Linuron Urea 
11 Metribuzin 1,2,4-triazinone 
12 Ametryne 1,3,5 triazine 
13 Oxadiazon Oxadiazole 
14 Oxyfluorfen Diphenyl ether 
15 Pendimethalin Dinitroaniline 
16 Prometryne 1,3,5-triazine 
17 Paraquat Bipyridylium 
18 Pyridate Phenylpyridazine 
19 Sethoxydim Cyclohexanedione oxim 
20 Simazine 1,3,4-triazine 





2.3 Processes influencing the fate of agrochemical in the soil 
Pesticides applied to the soils undergo physical, chemical and biological alterations. 
Pesticides may be transformed by degradation processes or transported from the site of 
application by several processes. The transport and fate of pesticides in the environment 
is influenced by many processes that determine their persistence and mobility including 
runoff, leaching through the soil to groundwater, volatilization, transport on soil 
particles, and wind erosion as shown in Figure (2.1). The movement of pesticides from 
soil into water, air and the food chain is directly controlled by these processes.  
A fraction of the pesticide interacts with the gaseous phase and may eventually 
volatilize. Another part is adsorbed on the surface of the soil particles, this fraction 
accumulates in the soil with time and constitutes the pesticide residue which remains as 
a source of further environmental pollution. The remaining pesticide interacts with the 
liquid phase, and is either transmitted to the water courses or leaches down into the soil 
profile, To better understand the behavior of herbicides in the environment and to avoid 
their harmful effects on target and non-target organisms, it is essential to consider the 
physical, chemical, and biological processes that affect herbicide behaviour in the 
environment, These processes are complex and dynamic, and are influenced by a range 
of soil and environmental conditions, such as climatic factors (e.g. temperature, 
humidity, and aeration), abiotic soil factors (e.g. texture, clay minerals, and pH) and 
biotic soil factors   ) e.g. microbial biomass, biological diversity, and plant cover) 
(Wanner et al., 2005). The main processes influencing the behaviour of pesticides in 
the environment are sorption, desorption, chemical and biological degradation, 




Figure (2.4): Major processes involved in the environmental fate of pesticides after 
their application to soil or plants (Führ et al., 1998).  
2.3.1 Herbicides Adsorption 
Adsorption is the process that occurs when a gas or liquid solute accumulates on the 
surface of a solid. Sorption is a transfer process which determines the behaviour of 
pesticides in the environment and transport to groundwater (Wauchope et al., 2002). In 
general, several other process (volatilization, hydrolysis, and photo degradation) 
determining the behaviors of herbicides in the environment are directly dependent upon 
sorption (Müller et al., 2007). 
The adsorption/desorption behavior is especially important for herbicide, because the 
adsorption quantity and desorption rate decide the negative effect of the adsorbed 
herbicide on the succession crop (Yihua Liu et al., 2010). Mobility of herbicides is 
most often inversely related to adsorption. Highly mobile herbicides are undesirable 
because they may contaminate groundwater following intense rainfall, fail to control 
target weeds, and move off site to adjacent areas (Mueller & Banks, 1991). 
Adsorption isotherm is an expression of this type evaluated at a fixed system 
temperature constitutes. Adsorption isotherms are built by measuring the residual 
concentrations of pollutant in aqueous solution at the equilibrium point, after the 
adsorption on soil of different initial concentrations. For each concentration point, the 
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adsorbed molecule concentrations are determined by the difference between initial and 
equilibrium concentrations (Blasioli et al., 2011). The mobility of herbicides in soils has 
been modelled in several different ways. Freundlich, Langmuir and linear (equilibrium) 
approaches are commonly used to predict pesticide distribution or partitioning between 
the solid matrix and the aqueous phase (Hinz, 2001).  
Adsorption data are commonly fitted using two different models described by the 
Langmuir and Freundlich equations. 
The Langmuir equation is:   
                                                                                 Eq (2.1) 
 
Where x/m is the mass of organic molecule adsorbed per unit of soil weight, C is the 
equilibrium concentration of solution, Kl is the Langmuir constant that is related to 
binding strength. 
The Freundlich adsorption equation (Eq. 2.2, 2.3) remains the most frequently described 
for herbicide adsorption (Kinniburgh, 1986; Weber et al., 1991). 
                                                      X/m = KC
1/n
                                              Eq (2.2) 
                                       Log x/m = Log k + 1/n 1og Ce                                     Eq (2.3) 
Where x is the weight of adsorbate taken up by the weight m of the sorbent (in this case 
the soil), C is the concentration of the solution at equilibrium and K and n are constants.  
The constant K is also known as the distribution coefficient Kf for the non-linear 
Freundlich isotherm (Weber et al., 1991).  
 Organic matter is the principal adsorbent for most herbicides (Wang et al., 1999; 
Kumar & Philip, 2006; Tang et al., 2009), followed by clay colloids (Weber et al., 
2000; Taylor et al., 2004). Dissolved organic matter influences the mobility of 
herbicides by complex interactions that can facilitate or reduce the movement of 
chemicals along the soil profile (Blasioli et al., 2011). In addition, the temperature and 
pH have different effects on pesticide adsorption (Kyriakopoulos et al., 2006). 
Pesticides properties, such as the molecular structure of pesticide, hydrophobicity, 




Kollogg et al., (2000) reported that smaller content of organic matter in the soil 
increases the amount of pesticide that will leave the area of application, because organic 
matter binds to and helps break down pesticides. 
It is well known that the risk of pesticide to surface water and groundwater mainly 
comes from the adsorbed pesticide in soil, especially herbicide application on dry fields. 
Soil adsorption/desorption of pesticide and the influencing factor (organic matter, pH, 
temperature, etc) had been widely assessed (Abdullah et al., 2001; Kovaios et al., 
2006). 
Chiristen et al., (1996) and Nkedi- Kizza et al., (1983) studied the adsorption behaviour 
of phenylurea herbicides in different soils, they reported that organic carbon was the main 
factor affecting urea sorption phenylurea herbicides.  
The adsorption behaviors of diuron on soils had been reported by some researchers  
(Majka & Lavy, 1977; Reddy et al., 1991; Chaplain et al., 2008; Wang & Keller, 
2009). But the results were different, which may owe to the various soils and 
experimental conditions. Chaplain et al., (2008) thought that the soil hydrophobicity 
was an important factor for the diuron adsorbed. Other researchers (Wang & Keller, 
2009; Ahangar et al., 2008) thought the organic matter was the key adsorbent for 
diuron.  
The influence of humic substances (Albers et al., 2009) and lipids (Ahangar et al., 
2009) on the adsorption of diuron to soils had been investigated. Forouzangohar et al., 
(2008) even predicted the diuron adsorption coefficient by midinfrared spectroscopy in 
combination with partial least-squares regression. 
The adsorption behaviors of linuron on soils had been reported by (Grover, 1975; Liu 
Weiping, 1995; Franco et al., 1997; Sánchez-Camazano et al., 2000; Haouar et al., 
2006; Sorensen et al., 2005), they reported that the adsorption of linuron was 
significantly correlated with soil organic matter and clay content, the movement of 
linuron decrease as the organic content of the soil increase.  
Afifi & Abu-Swareh, (1999) studied the adsorption behaviour of 2,4-dichlorophenol 
and 2,4,5-trichlorophenol on soil of Gaza governorates they found that the Freundlich 
constant “k” increases in the same order as the organic matter content of the soils, and 
decreases with increasing the soil depth. 
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Haouar et al., (2006) studied the adsorption and mobility of linuron and diuron in 
clayey soils in Morocco. They found that Adsorption data were found to fit the 
Freundlich equation. Desorption isotherms for linuron showed hysteresis for both soils, 
linuron was more mobile in a previously saturated column. In columns subject to a 
drying step after saturation with water, linuron mobility was greatly reduced, Linuron 
and diuron were moderately adsorbed by the soils used in the study. 
Yihua Liu et al., (2010) studied the adsorption–desorption behaviors of diuron 
investigated in six cultivated soils of China, they reported that the extent of diuron 
adsorption on soil was at rather high level under low pH value conditions and decreased 
with increasing pH value. 
Jianhua Xu et al., (2011) conducted adsorption kinetics of diuron from aqueous 
solutions onto activated carbon fiber, the results showed that the formation of hydrogen 
bonds between diuron and water, and temperature variations may possibly affect the 
adsorption process.  
2.3.2 Herbicides degradation  
2.3.2.1 Microbial degradation of herbicides in the soil 
Soil contains a diverse mixture of microorganisms including algae, fungi, and bacteria 
(Devlin et al., 2002). Microorganisms utilize applied organic herbicides as a food 
source. They may also degrade herbicides by a process called metabolism, where the 
herbicide molecule is not used directly by the microorganisms for growth. Further, 
degradation occurs in conjunction with another substance that micro organisms use for 
growth (Devlin et al., 2002). A gram of soil may contain 5000 to 7000 different 
bacterial species and approximately 10000 fungal colonies (Gavrilescu, 2005). 
Microbes have the ability to degrade herbicides either completely or partially and this is 
a major process of herbicides degradation (Fomsgaard, 1995). In general, 
microorganisms can immediately use a given herbicide as a food source although in 
some cases the microbial population adapts to the presence of a herbicide. Microbial 
activity in decomposing herbicides can occur aerobically or anaerobically, depending on 
which micro organisms are present. Microbial populations and activity depend on a 
multitude of factors including availability of food supply, temperature, soil moisture, 
oxygen, soil pH, and organic matter content (Hager & Nordby, 2007). 
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 Microbial activity is also influenced by the chemical properties of the herbicide and 
agronomic factors which can interact to enhance or impede dissipation (Devlin et al., 
2002), the important pesticide properties in microbial degradation are the chemical 
structure, molecular weight, the type of functional groups, concentration. Bacteria, 
actinomycetes, fungi and algae are the major microorganisms involved in biological 
degradation. Furthermore biodegradation by some bacterial and fungal strains leads to 
the formation of very toxic substituted anilines (Tixier et al., 2009).  
Devlin et al., (2002) Identified optimal conditions for microbial activity as temperatures 
of 26-32°C, soil moisture of 50-100% of field capacity and pH of greater than 5.5. 
 Hager &Nordby, (2007) generalize that a warm, well aerated, fertile soil with medium 
pH favours microbial growth and therefore herbicide breakdown. 
Microbial degradation of linuron has been recognized to be the main route of its 
removal from the environment with the half-life for different soils ranging from 30 to 
150 days (EPA, 1995).  
 
Biotransformation of phenylurea herbicides by soil microorganisms (bacterial and 
fungi) has been reported by several authors (Tixier et al., 2002; Sørensen et al., 2003; 
Badawi et al., 2009). 
Enhanced degredation has been reported in studies of agricultural soil samples 
previously exposed to diuron indicating that amicrobial adaptation to diuron 
degredation in possible in soil (Piuttti et al., 2002; Dellamatrice & Monteiro, 2004). 
Different fungi and becteria, obtained from either various culture collections or freshly 
isolated from agriccultral soils, are capable of degrading diuron (Castillo et al., 2006; 
fratila et al., 1999), furthermore Ngigi et al., (2011) found that the isolated Bacillus 
cereus, Vagococcus fluvialis, Burkholderia ambifaria, and Bacillus spp1 degraded 
diuron. 
Sorensen et al., (2008) studied rapid mineralization of diuron by variovorax sp.3 srs16 
in pure culture and they concluded that a constructed highly efficient at mineralizing 




Breugelman et al., (2008) studied the mineralization for linuron, they reported that 
linuron degradation is performed by a group of metabolically interacting bacteria rather 
than by individual strains. Complete mineralization of linuron including the 
mineralization of 3,4-DCA and N,O-DMHA has been reported, by Dejonghe et al., 
(2003) and Sørensen et al., (2005). 
 
2.3.2.2 Chemical degradation of herbicides in the soil 
Chemical degradation is the breakdown of chemicals by processes that do not involve 
living organisms. The method of degradation may vary depending on the specific soil 
conditions that exist such as pH, organic matter, texture, cation exchange capacity, 
among others. As these soil factors change, the principle method of degradation may 
change from chemical to microbial or vice versa. The primary chemical modes of 
degradation include oxidation-reduction and hydrolysis (Devlin et al., 2002). 
Oxidation-reduction and hydrolysis processes involve the transfer of electrons between 
other compounds or clay and organic matter in the soil or through reaction of the 
herbicide molecule with water. Hydrolysis is the major method of sulfonylurea 
herbicide degradation but is influenced by soil pH. 
The most important pathways of degradation of Substituted urea herbicides (SU) in soil 
are chemical hydrolysis and microbial degradation, while other dissipation processes 
such as volatilization and photolysis are relatively insignificant (Saha & Kulshrestha, 
2008; Wang et al., 2010).  
The degradation of phenylurea herbicides (PU) on TiO2 has been studied, the results 
show the importance of operational conditions (adsorption capacity, initial 
concentrations chlorotoluron, TiO2 forms – coated or in suspension (Lhomme et al., 
2005). 
Diuron, a PU herbicide, has been shown to cause a drop in photosynthesis in algal 
communities at concentration of 1.5 μg/L (Ricart et al., 2010). 
Phenylurea herbicides UV photolysis has been studied e.g. by Benitez et al., (2006) for 




Durand et al., (1992) studied the persistence of atrazine, linuron and fenitrothion in soil 
samples, they found the half-lives value obtained for linuron in the experiments were 60 
and 30 days in the winter and the spring periods, respectively, this indicates the higher 
influence of temperature in the degradation of linuron as compared to atrazine. 
Boule et al., (1997) reported that the major photoproducts observed in the photolysis of 
diuron [3- (3,4-dichlorophenyl)-1,1-dimethylurea] in aqueous solution resulted from a 
heterolytic substitution of chlorine by OH. 
Benitez et al., (2007) reported that dependence of the degradation reaction rate for 
diuron on the pH value of the solution, the results published by Klementova & 
Zemanová, (2008) did not support the reported pH dependence, and the degradation 
was pH independent in the range of pH values from 2 to 11. 
2.3.3 Herbicides voltalization 
Volatilization is a physio-chemical process where a pesticide is transferred into the 
atmosphere as a gas (Müller et al., 2007). Volatilization decreases the amount of a 
herbicides available for control of pests and the potential for groundwater contamination 
but increases the potential for contaminating the atmosphere and surface water, since 
many pesticides are considered to be toxic or carcinogenic (Doull, 1989). Volatilization 
may increase the risk of illness to persons living down-wind from treated fields (Yates, 
1993). Losses via volatilization can be important for those herbicides that remain on the 
soil or plant surface (Gavrilescu, 2005). The volatilization can begin to occur during 
the application, the gaseous portion of the herbicide is then capable of being transported 
by wind and air masses. Solar radiation activates photolysis, meaning that components 
are split into smaller molecules. However, the potential for contamination of the 
atmosphere and surface water will be increased (Wolters et al., 2004).  
Diuron has a vapour pressure of 1.1 x 10
-3
 mPa at 25˚C and a calculated Henry’s Law 




/mole, which are both indicative of only very slight 
volatility. This is confirmed by a field lysimeter experiment in which volatilization of 
diuron from the soil surface was also investigated. In this experiment, air samples were 
collected for the first 13 days after herbicide application (2.3 kg diuron/ha), neither 
diuron nor its metabolites were detected (APVAM, 2011). 
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Linuron has vapor pressure of 1.5 x 10
-5
 mm Hg at 24C, therefore, volatilization and 
subsequent photodegradation in air are not considered probable routes of dissipation 
(EPA, 1995). 
Hess & Warren, (2002) reported that the Volatilization is insignificant except when 
diuron is exposed on the soil surface for several days or weeks under hot, dry 
conditions. 
 
2.3.4 Herbicides runoff 
Run-off is the movement of water, which may include suspended colloids, across the 
soil surface. Run-off often occurs when the rate of precipitation or irrigation is more 
than the infiltration rate of water into the soil. Indeed, it can be considered as the most 
significant factor contributing to surface water contamination in arid areas (Everts, 
1997). Run-off can occur on almost any arable field, even in nearly flat terrain 
(Leonard, 1988). Factors influencing herbicides run-off include rainfall features (time 
period of the first rainfall after application of pesticide, its duration and intensity), 
surface aspects (topography, soil permeability, and surface cover), agricultural practices 
(soil-incorporation of pesticides) and the chemical characteristics of the pesticide 
(Schrievera et al., 2007). The physical-chemical properties of a pesticide significantly 
determine its transport from the target area as described above. Water solubility and 
adsorption to organic matter are key parameters in this context, compounds highly 
dissolved in water are removed mainly by the infiltrating water from the soil surface 
and, hence, are less available for surface runoff. In contrast, compounds of lower 
solubility are transported into the soil in lower amounts, but stay on the soil surface and 
can be released by runoff (Lang & Hurle, 1997). Compounds with higher adsorption 
coefficient Koc are more likely to be adsorbed to eroded particles, and thus released 
from the field (Huber et al., 1998). 
The highest concentrations of pesticides are detected in surface water after heavy 
rainfall (Domagalski et al., 1997). Runoff and erosion from agriculture have been 
identified as major contributors to water quality degradation, although runoff losses 
typically account for only 1–6% of applied agrochemicals (Jaynes et al., 1999). 
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Herbicide-monitoring studies have confirmed contamination of reservoirs (Thurman et 
al., 1996), clakes (Senseman et al., 1997), streams (Scribner et al., 2000), and rivers 
(Clark & Goolsby, 2000). 
Diuron were detected in ground water is at least partially attributable to contaminated 
runoff water entering dry wells (Powell et al., 1996).  
Linuron has been detected in ground water in four states-Georgia, Missouri, Virginia 
and Wisconsin with detectable levels above the estimated toxicity threshold for humans 
(Hoheisel et al., 1992). 
Simpson & Hargreaves, (2001) examined the runoff of diuron and it's leaching, runoff 
of diuron was monitored, less than 0.2% of the annual application rate was detected in 
the runoff water, the maximum average concentration in runoff water was 113 μg/L, 
diuron was detected in groundwater at a maximum concentration of about 6.5 μg/L.  
The phenylurea herbicide linuron and its derivative 3,4-dichloroaniline (3,4-DCA), 
which are found in sediments and surface waters (Bauer et al., 1998). 
Dores’s et al., (2009) showed that diuron was detected in concentration decreasing until 
70 days after application in runoff water and soil. 
 
2.3.5 Leaching of herbicides 
Leaching is the movement of pollutant through the soil rather than over the surface. 
Herbicides percolate through the soil profile and the unsaturated zone, reaching the 
groundwater or a drainage system, if existing. Leaching of pesticides to groundwater 
creates a threat to drinking water when it is used as a potable water (Dabrowski et al., 
2002). Thus, an understanding of pesticide mobility is considered to be a pre-requisite 
to estimating the groundwater contamination potential of a herbicides. Pesticides may 
leach into the unsaturated region of soil either as water-dissolved or particle-associated 
complexes. Preferential flow is the movement of water and pesticides through a small 
portion of soil volume and will likely be the more rapid form of leaching (Malonea et 
al., 2004). The leaching process depends on soil and pesticide properties, weather and 




Diuron residues in surface water occurring as a result of agricultural runoff. 
Groundwater may be contaminated if pesticides leach from treated fields, mixing sites, 
washing sites, or waste disposal areas. Some studies show that the most important 
factors in determining if a pesticide would leach are its degradation and sorption 
characteristics, and its preference to release rapidly into soil solution once it is sorbed 
(Hamaker, 1975; Kleineidam et al., 2004). Pesticides that are weakly sorbed by soil 
and resist degradation are more likely to leach into groundwater than those that remain 
bonded to soil.  
Pesticides with smaller Koc values are more likely to leach compared with those with 
larger values. However, for a pesticide to reach the groundwater, it depends not only 
upon its movement through the soil, but also upon its disappearance from the soil 
(Waldman & Shevah, 1993). Although some extent of leaching is necessary to achieve 
proper weed control, there are three problems associated with leaching:  
1) Leaching to the root zone of sensitive non-target crops resulting in crop injury;  
2) Leaching below the root zone of the target weeds may reduce the herbicidal activity 
(Eshel, 1969).  
3) Leaching may result in ground water pollution (El-Nahhal et al., 1998).  
The depth of 30 cm is frequently considered as the depth of the weed root zone and 
herbicides which move below this depth are no longer available for weed control 
(Vasilakoglou et al., 2001). For control of seedling weeds, herbicides need to be in the 
top 10 cm layer of soil and once leached below this depth their functionality as 
herbicides is eroded. 
Linuron has moderate solubility in water (64 mg per liter) may results in leaching to 
groundwater resources. Linuron has been detected in groundwaters in concentrations 
ranging from picograms to milligrams per liter (Caux et al., 1998; Sorensen et al., 
2009).  
 Diuron is moderately to highly persistent in soils (Wauchope et al., 1992). The 
commonly reported average field dissipation half-life is 90 days, although such half-
lives are typically highly variable (Moncada, 2005). Phytotoxic residues generally 
dissipate within a season when applied at low selective rates. At higher application 
rates, residues may persist for more than one year (Kidd & James, 1991). 
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Groundwater contamination by diuron has become a serious problem (El lmache et al., 
2009). Its wide use leads to pollution of water by soil leaching, agricultural runoffs, as a 
result. Diuron is often detected in groundwater and surface water (Giacomazzi & 
Cochet, 2004; Lapworth & Gooddy, 2006). Diuron has been detected in marine 
environments from various regions such as UK (Boxall et al., 2000), Spain (Ferrer & 
Barcelo, 1999; Martinez et al., 2000), The Nertherlands (Lamoree et al., 2002), 
Sweden (Dahl & Blanck, 1996) and in France and Japan (IFEN, 2002; Okamura et 
al., 2003). Diuron has been detected in aquatic environment in Portugal (de Almeida 
Azevedo et al., 2000), and the United States (Sapozhnikova et al., 2007). 
In Dutch Coastalwaters, a higher level of diuron than the permitted 430 ng L
−1
 was 
detected (Lamoree, 2002). According to the French Environmental Institute (IFEN), 
diuron was detected in surface waters of 34.6% in France where it was the fifth most 
frequently detected pesticides (IFEN, 2002). In the United Kingdom (UK), diuron was 
consistently one of most frequently found pesticides exceeding the non-statutory 
Environmental Quality Standard of 0.1gL
−1
 (UK-EPA, 2002). 
Diuron was also frequently detected in domestic drinking water wells sampled in Fresno 
and Tulare Counties (Nordmark et al., 2007). 
Linuron has been detected in groundwater in four states-Georgia, Missouri, Virginia and 
Wisconsin with detectable levels above the estimated toxicity threshold for humans 
(Hoheisel et al., 1992). 
Tauler et al., (2001) found linuron residues and other 19 organic pollutants in surface 
water in Portugal. Linuron was frequently detected in drinking water wells in the USA 
(Smith et al., 1999), and found in potatoes, carrots, and mixed vegetables in Italy 
(Sannio, 1998).  
Bauer et al., (1998) found linuron and its derivative 3,4-dichloroaniline (3,4-DCA), in 
sediments and surface waters in Germany. 
United States Geological Survey (USGS) study, 5196 surface water samples were 
collected from 40 agricultural streams (nation-wide), linuron was detected in 2.7% of 
the samples at a detection limit of 0.01 ppb, the maximum concentration observed was 
1.4 ppb (USGS, 1998). 
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Bergström et al., (1996) evaluated the leachability of diuron under field conditions in 
Sweden in two sandy soils (A+ B) using the lysimeters. Soil were treated with either 2 
kg/ha and 4 kg/ha. The soil analysis showed that concentrations of diuron remained in 
the topsoil (0-20 cm). For soil- A with organic matter (OM = 0.9%, pH= 5.8), the diuron 
was in the 0-5 cm layer and for soil- B with (OM = 1.1%, pH= 7.4) more had moved 
into the 5-10 cm layer.  Also for soil- A there was more diuron remaining in the soil 
profile than for soil- B. 
Itoh & Manabe, (1997) conducted a field experiments at eight sites differing in soil 
texture. Mobility of diuron in soils was evaluated by bioassay using soil samples 
collected from every site. Herbicidal activity of diuron and fruit tree injury was related 
to its mobility in soils. They reported decreased movement of diuron in soil with the 
increase of the organic matter. Diuron lost its activity as it moved down in sandy loam 
soil with time. The mobility being more conspicuous in high sand soil (sandy loam). 
Diuron leached from the soil surface into more than 17 cm over 1 month. 
National Water Quality Assessment (NAWQA) and (USGS) analyzed pesticide 
occurrence and concentrations for major aquifers and shallow groundwater in 
agriculture. They detected diuron in 71% of 2608 samples with a maximum 
concentration of 0.34 ppb. Maximum diuron concentration in 897 samples from shallow 
groundwater sites was 2.0 ppb (USGS, 1998). 
Guzzellaa et al., (2000) studied linuron and monolinuron mobility under saturated 
water flow conditions in a field site equipped with suction lysimeters and tensiometers, 
they assess the migration capacity of linuron and monolinuron from topsoil to 
groundwater and to verify the appcarancc of their relevant transformation products in 
soil and water samples. The results indicated two main processes of pesticide transport: 
firstly transport mainly due to water infiltration through macropms, secondly the 
transport driven by matrix flow, linuron was found to be the most mobile herbicide. 
Field et al., (2003) designed a field study to investigate the occurrence and distribution 
of diuron and its transformation products at a poorly drained field site in Oregon. 
Diuron and its transformation product DCPMU [3-(3,4-dichlorophenyl)-1-methylurea] 
were the only significant residues detected in this study. Concentrations of diuron in 
surface water declined from a maximum of 28 mg/L immediately following application 
to low levels that persisted as long as flow was present.   
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Giacomazzi & Cochet, (2004) reported that diuron is generally persistent in soil, water 
and groundwater. It is also slightly toxic to mammals and birds as well as moderately 
toxic to aquatic invertebrates. However, its principal product of biodegradation is 3,4-
dichloroaniline exhibits a higher toxicity and is also persistent in soil, water and 
groundwater.  
Marcus et al., (2005) determined the leaching of tebuthiuron and diuron in different 
soil types using undisturbed soil columns in general, they found Tebuthiuron leached in 
greater amounts than diuron in both soils. Sorption was well represented by linear and 
Freundlich equations, both herbicides presented very low sorption, with diuron 
presenting lower values of sorption coefficient than tebuthiuron in the two soils.  
Guzzella et al., (2006) measured diuron and linuron concentrations in soil and their 
transformation products (TPs) at four depths (0–10, 10–20, 20–30, and 30–40 cm). 
They reported that 50% of the applied diuron remained in the soil surface layer, 
compared to 70% retention of linuron over the 245 days of the leaching experiment. 
Less than 0.5% of both herbicides were detected in the leachates. In soil pore water, 
diuron and linuron were detected at depths of 20 and 40 cm, although in very low 
concentrations. But both herbicides were detected only in the surface layer (0–10 cm).  
Clayton, (2007) investigated diuron fate at various depths in the soil, lead to further 
research to identify a process that estimates depth-specific residue dissipation rates, they 
showed that the dissipation rate of diuron, found in California ground water, was 
considerably reduced at greater soil depths.  
El Imache et al., (2009) found that linuron mobility is greater than that of diuron. The 
amount of herbicide leached through the undisturbed 40-cm long soil columns 
amounted to 0.56% ± 0.7% of the linuron applied and 0.03% ± 0.03% of the diuron 
applied, to the loamy clay soil. In the soil, linuron residues were recovered throughout 
the 40-cm lengths of the lysimeters. The authors found Both diuron and linuron detected 
in the 0-20 cm soil fraction, and whereas found that linuron was detected in both the 0-
10 cm and 10–20 cm soil layers, diuron remained in the 0–20 cm soil layer. 
DaSilva & Troiano, (2010) evaluated the potential for off-site movement of diuron 
caused by rainfall. Soil at the site was classified as a sandy loam, run-off water samples 
were collected from each event, for the first simulated rain event, 125 mg of diuron was 
removed, which represented 8.5% of the total amount of diuron applied on the plot. The 
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second and third events resulted in an additional removal of 73 and 28 mg of diuron, 
respectively. Total amount of diuron removed in runoff from all three events accounted 
for 15.3% of the initial applied amount.  
Australian Pesticides and Veterinary Medicines Authority (APVMA) reported that 
diuron moved into the soil more than 17 cm deep at soil (69% sand, 10% clay), whereas 
its movement was less than 5 cm at soil (38% sand, 28% clay). Diuron was restricted 
primarily to the top 15 centimeters, with levels generally 35 μg/kg or less in the 15–30 
cm layer, and 10 μg/kg or less in the 30–45 centimeter layer (APVMA, 2011). 
 
2.4 Herbicides in the Study 
2.4.1 Diuron  
Diuron [3-(3,4-dichlorophenyl)-l,l-dimethylurea] is a substituted urea herbicide, which 
represents an important class of contact herbicides applied in pre- emergence and post-
emergence to control broadleaf weeds in a wide variety of annual and perennial 
broadleaf and grass weeds (Field et al., 1997; Gooddy et al., 2002). Diuron is 
registered for use on numerous crops such as citrus fruit, cotton, asparagus, sugar cane, 
alfalfa, wheat and grapes (Meister, 2000). Diuron has been classified as slightly 
hazardous pesticide by WHO. It is formally identified as causing reproductive toxicity 
(EPA, 1994a) and is considered a priority hazardous substance by the European 
Commission (Malato et al., 2002). Diuron is relatively persistent in the environment 
(with a half-life of over 300 days). Diuron is available as wettable powder, granular, 
flowable, pelleted/tableted, liquid suspension, and soluble concentrate formulations. 
Technical diuron is a white, crystalline, odorless solid. It is stable towards oxidation and 
moisture under conventional conditions with a melting point of 158-159ºC and a boiling 
point of 180-190ºC. The chemical does not exhibit any unusual handling hazards. It has 
a water solubility of about 42 ppm (mg/l) at 25ºC (Extoxnet, 1996).  
Diuron has been found to be highly toxic for some nontarget organisms (Nebeker & 
Schuytema, 1998; Teisseire et al., 1999), and its potential toxicity at cellular and 
subcellular levels has also been demonstrated (Chauhan et al., 1998). 





Figure (2.5): Structure of diuron 
 
2.4.2 Linuron 
Linuron [3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea] is a substituted urea 
herbicide registered for use on asparagus, carrots, celery, corn (field and sweet), 
cottonseed, parsley, parsnips, potatoes, sorghum, soybeans, and wheat (winter) (EPA, 
1995; Extoxnet, 1996). Technical linuron is an odorless, white crystalline flake or 
powder with a melting range of 86-91 C. Linuron is soluble in water at 81 mg/L at 25 C, 
and < is slightly soluble in aliphatic hydrocarbons and moderately soluble in ethanol 
and common aromatic solvents. Linuron is a hydrophobic herbicide with a Kow of 1010 
(Tomlin, 1995). Linuron and some of its naturally decayed intermediates have been 
suspected as a possible human carcinogen and endocrine disruptors (McIntyre et al., 
2002; Otron et al., 2009). However, above all, the metabolites have been reported to be 
more toxic than their parent compounds (Simon et al., 1998; Tixier et al., 2000). 
In a chronic toxicity and carcinogenicity study using beagle dogs, linuron caused 
changes in blood, including red blood cell destruction, and in liver weight (EPA, 1995). 
Several animal studies of mice, rats and dogs have shown that linuron produces benign 
liver or testicular tumors, but no malignant (cancerous) ones, in these two-year studies, 
rats and mice were fed low doses (2.5 mg/kg/day) of linuron (Wagner, 1983). 
Trade and Other Names: Lorox®, Lorox Plus®, Gemini®, Linex®, Linuron 4L® 
 
Figure (2.6): Structure of linuron 
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Table (2.2): Diuron and linuron physical properties 
Physical properties Diuron Linuron 
Appearance a colorless crystalline 






Molecular Formula C9H10Cl2N2O C9H10Cl2N2O2 
Molecular Weight 233.10 249.11 
Water Solubility 42 mg/L @ 25 C 81 mg/L @ 25 C 
Melting Point 158-159 C 
93-94 C 
Vapor Pressure 0.41 mPa @ 50 C 2 mPa @ 24 C 
Partition Coefficient(KOW) 2.6 3.0043 
Adsorption Coefficient 480 400 
 
2.5 Bioassay Technique 
Bioassay makes possible the measurement of a biological response by a living organism 
to determine the presence and/or concentration of a chemical in a substrate (Streibig, 
1988). Bioassays have been used widely in weed science to evaluate dose response, 
herbicidal selectivity, species specificity, soil persistence, product formulations, 
adjuvants, herbicide resistance, and other effects (Santelmann, 1977). 
Herbicide bioavailability has traditionally been evaluated using bioassays with either 
root extension or the whole plant (Streibig 1988; Vasilakoglou et al., 2001; Pannacci 
et al., 2006). Such bioassays directly determine the biological activity of a soil active 
herbicide and this is intrinsically related to bioavailability (Günther et al., 1989).  
Also, because bioassays are non-specific, the effect of all residual herbicides present in 
soil is measured by bioassays (Johnson et al., 2005). Parameters that are frequently 
assessed in plant bioassays are root or shoot length, fresh or dry weight of roots or 
shoots, leaf area or plant height, visual estimation of plant injury, physiological and 
morphological effects such as photosynthetic activity, water consumption, or chlorosis 
(Horowitz, 1976). These measurements are assessed relative to a control sample which 
is needed because of the variation in plant growth in soils of different properties. 
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Bioassays are cost effective, relatively simple and reproducible for determining the 
potential of herbicide carryover to impact sensitive rotation crops (Santelmann, 1977). 
The disadvantage of the bioassay techniques is that the test plant may not give a true 
response at high concentration. In addition, the adsorbed fraction of herbicides may be 
not available to the test plant. However at low adsorbed fraction of herbicides, the 
herbicides may not be bio-available to the test plant (El-Nahhal, 2004). 
 
Durey & freeman, )1963) investigated the sensitivity of oats, barley, ryegrass, 
cucumber, sunflower, soybean, and pea to linuron and diphenamid under greenhouse 
conditions. They reported that Ryegrass gave the best growth response at the various 
levels of linuron. So, for quantitative evaluation of linuron in soil, ryegrass appeared to 
be the most suitable indicator plant. 
Lode, (1967) used ryegrass seedlings as sensitive plant in linuron bioassay tests, they 
showed that the rate of decomposition varied for the different soils.  
Horowitz, (1970) investigated the sensitivity of a twelve crops. The species were sown 
in soil containing 0.-5 to 20 ppm of diuron, fluometuron, linuron, neburon and noruron. 
Black mustard (Brassica nigra) was the most promising as an early, rapid, qualitative 
indicator while oat was well suited as a quantitative test plant when a gradual response 
to a wide range of concentrations was required. However, other species such as clover 
and lettuce for diuron or lucerne for noruron may be preferable for a given herbicide.  
 Mapplebeck & Waywell, (1983) reported that the level of linuron that caused 50% 
growth reduction of onion (Allium cepa L.) varied among three soils of greatly differing 
organic matter contents. 
Ranft et al., (2010) found that ryegrass (Lolium multiflorum Lam.) the best indicator 
among several crops for linuron, (Hulsen et al., 2002) used bean (Phaseolus vulgaris) as 
senestive plant to linuron. 
El-Nahhal et al., (2012) reported that Corochorus Olitorius (Mulukhiya) is the best 





Materials and Methods 
3.1 Soil 
3.1.1 Soil sampling  
The soil samples were collected from depth of 0-30 cm of three agricultural locations in 
Gaza governorates (Khanyounis Governorate, Middle Governorate and North Gaza 
Governorate), before herbicide treatment of the fields. 
Four composite samples were collected from each location using a shovel from the 
depth 0-30 cm. The subsamples were transferred to a plastic bucket then the subsamples 
were mixed into one composite sample. Soils samples were air-dried, gently crumbled 
and sieved through 2mm, and stored in well-closed plastic bottles. 
Site description, identification data and coordinates were record as shown in the Table 
3.1. 
 











1 Khanyounis Khanyounis Alsouraje Street 31 22 150 34 20 656 
2 Middle  Dair el balah Elberka Street 31 24 905 34 20 243 
3 North Gaza Bayt hanon Safe Agricultural Society 31 22 102 34 31 493 
4 Khanyounis Khanyounis Al fukhari 31 17 703 34 19 988 


































3.1.2 Soil Characteristic 
The texture, pH, electrical conductivity (EC), organic matter contents and organic 
carbon for each soil was determined in the laboratory, The experiments was performed 
at the Islamic University Of Gaza.The method used is described below: 
i. Determination of Soil Texture. 
The soil texture expresses the proportions of the various size classes (clay < 0.002 mm, 
silt 0.002- 0.02 mm and sand 0.02- 2.0 mm particle size). The proportions of these 
fractions were determined by Hydrometer method using ASTM 152-H hydrometer 
(Bouyoucos, 1962). The soil was sieved using 2 mm sieve, and dried at 105°C for 24 
hours using Elle oven.  
Determination of pH 
Soil pH values were measured potentiometrically in a 1: 2.5 soil – water suspensions. 
Twenty gram of a dried - sieved soil were transferred into 200 ml beaker. 50 ml of 
distilled water were added while stirring for one hour using Electric magnetic stirrer. 
The pH meter was calibrated using pH buffer 4.0, 7.0 and 9.0, and then the pH of 
suspension was measured (Dhyan et al., 1999; USSL, 1954). 
ii. Electrical Conductivity (EC). 
Electrical conductivity (EC) of soil was measured potentiometrically in a 1: 2.5 soil – 
water suspensions. Twenty grams of an oven dried - sieved soil were weighed, 
transferred into 200 ml beaker 50 ml of distilled water were added while stirring for one 
hour using Electric magnetic stirrer. The Electrical conductivity meter was calibrated 
using Standard potassium chloride (KCl) solutions 0.01 and 0.1 M and then the EC of 
filtrate were measured, Unit of measurement dS/m (Bower & Wilcox, 1965; Van 
Reeuwijk, 1992). 
 
iii. Determination of Organic matter. 
The organic carbon content in the soils used were analyzed in Ministry of Agriculture in 
Gaza using Walkley-Black method (Sims & Wolf, 1995).The organic carbon in the 
sample is oxidized with potassium dichromate and sulphuric acid. The excess potassium 
dichromate is titrated against ferrous ammonium sulphate. One gram soil was weighed 
and transferred into 500 mL conical flask. 10 mL of 1N K2Cr2O7 and 20 mL of conc. 
H2SO4 were added. Swirled carefully then let to stand for 30 minutes. 200 mL distilled 
water and 10 mL H3PO4 were slowly added. Then 1 mL of diphenylamine indicator was 
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added and the resulted suspension was titrated against 0.5 N ferrous ammonium 
sulphate solution until green color started appearing indicating the end point. Blank 
must run simultaneously (Walkely & Black, 1934; Jackson, 1962) 
The carbon content was calculated using the following equation: 
Organic Carbon =  
Where: 
B = mL of ferrous ammonium sulphate solution used for blank. 
S = mL of ferrous ammonium sulphate solution used for sample. 
mcf = moisture correction factor. 
W = sample weight (g). 
0.39 = conversion factor (including a correction factor for a supposed 70% oxidation of 
organic carbon. 
% of organic matter = 1.72 x % of organic carbon 
 
3.2 Chemicals 
Technical Diuron and Linuron (purity = 99%) were purchased from  sigma aldrich 
company in Germany, Commercial Emulsifiable formulation of herbicides were 
purchased from Gaza. Grade methanol was purchased from Gaza. 
 
3. 3 Soil Columns 
Tin macro-columns, 10X10 cm surface area, 30 cm height made of polyethylene, 
surface area of 25 cm
2
, 25 cm height. The bottom of the column contained several micro 
holes of 2mm mesh (see Figure 3.3a, b) 
 
3.4 Instrumentation 
The instrument used for adsorption study is the UV- spectrophotometer (CT-220 
Spectrophotometer) which is used for determination of the concentration of the 
herbicides in the supernatant liquids by measuring the UV absorbance in the linear 
range of the standard curves. The wavelengths used in measuring the absorbance of 








3.5 Standard Curve 
Stock solution of diuron and linuron was diluted in 1ml of grade methanol and then 
diluted in water to a concentration of 38 ppm diuron and 35.4 ppm of linuron as a 
working standard. A series of linuron standards of, 0.00, 0.56, 2.26, 7.08, 14.16 and 
21.24 ppm were prepared. The absorbance was measured spectrophotometrically at 246 
nm. A series of diuron standards of 0.00, 0.506, 1.518, 3.036, 12.144, and 24.288 ppm, 
were prepared. The absorbance measured spectrophotometrically at 247 nm. 
The standard curves for the tow compounds used are linear over the range used 













Figure (3.2): Standard curve for estimation of linuron and diuron. 
 
3.6 Adsorption Experiments 
The stock solution of diuron/linuron was prepared by dissolving 30 mg active ingredient 
in 2-3 mL methanol and diluting to 1 L with deionised water. The low concentration of 
methanol in the adsorption experiments had no influence on herbicide adsorption (El-
Nahhal & Lagaly, 2005). The adsorption of diuron/ linuron on soil was measured at 
room temp (25 ± 2
o
C). Appropriate aliquots of the aqueous stock solution of a 
diuron/linuron was diluted with distilled water to 25 mL and added to 50 mg soil in 30-
mL centrifuge tubes. The concentration of diuron/linuron ranged between 1.2 mg/L and 




continuous agitation during 48 hours. The supernatant was separated by centrifugation 
at 20 000 g for 0.5 h. 
  
The concentration of herbicide in the supernatants was determined by UV- 
spectrophotometer, the wavelengths of the absorbance of diuron is 247 nm and for 
linuron is 246 nm. Linear regression was used to determine the equilibrium 
concentration of herbicide solutions. The regression showed R
2
 value close to unity 
(0.9992). The amount of linuron, diuron adsorbed was calculated from the depletion of 
the linuron concentration by adsorption according to equation (3.2) (El-Nahhal & Safi, 
2005).  
                                              Ci V = Ce V+MS                                   (3.1) 
                                               S = (Ci- Ce) V/M                                  (3.2) 
Where Ci is the initial concentration of herbicide, and Ce is the remaining concentration 
of a herbicide in the solution in mg/L, V is the volume of the solution in litter, S is the 
concentration of the a herbicide in the solid phase mg/g (the adsorbed amount), and M 
is the mass of soil in gram.  
For each isotherm a reference solution with an intermediate concentration will be stirred 
without soil to evaluate adsorption on the glass or other losses. All adsorption 
experiments were made in duplicate. 
 
3.7 Leaching Study 
3.7.1 Selection of the test plant to Diuron/Linuron 
Selection of the test plant was done by making a dose response curve with very low 
concentration using test plants. In this experiment air dried soil samples was treated 
with 0.0, 0.013, 0.027, 0.055, 0.11, 0.22, 0.44 mg diuron/linuron kg soil. Then the soil 
was distributed in plastic pots. Seeds of the test plant were sown in each pot. Growth of 
the test plant was monitored during 2 weeks after germination and shoot height were 
determined. % Growth Inhibition of each test plants were plotted versus concentration 
of each herbicide to produce does response relationship. 
Percent growth inhibition was calculated using Eq (3.3) as described by El-Nahhal et 
al., (1998). 
         % Growth Inhibition = 100*(Pc -Pt)/Pc                                                             (3.3) 
Where Pc and Pt are the shoot height of the control and the treated samples, respectively.  
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3.7.2 Standard curve of diuron/linuron 
A dose response curve was prepared by treating air dried soil samples with: 0.00, 0.013, 
0.027, 0.055, 0.11, 0.22, 0.44, 0.88, 1.76, 3.52 and 7.04 mg/kg soil of technical 
diuron/linuron. The soils were mixed in polyethylene plastic bags to insure 
homogenized distribution of diuron and linuron. To avoid losses of herbicide due to 
sorption to the polyethylene bags due to mixing, an appropriate diuron and linuron 
herbicide solution were incorporated of in the soil sample, followed by a manual rotary 
mixing using a glass rod. The treated soils were transferred to 5 black plastic pots. The 
pots had four holes each at the bottom covered by tissue paper. Ten seeds of the test 
plant were placed in each pot. Shoot height were determined two weeks after treatment, 
% growth inhibition was calculated using Eq (3.3). 
% Growth Inhibition was plotted versus concentration of each herbicide to produce does 
response relationship.  
The linear portion of the curve was repeated as necessary to receive stable reproducible 
results. This step offers information about the responses and sensitivity of plant to 
herbicide concentrations. Based on these results the data of leaching potential was used 
to estimate the relative concentrations in certain depths. 
  
3.7.3 Leaching studies in laboratory   
Leaching of linuron and diuron in soil columns was performed using column techniques 
and bioassay as described in El-Nahhal, (2004). The persistence and mobility of 
linuron and diuron in soil was evaluated by estimating the relative concentration of 
linuron or diuron released from EC-commercial formulation at different soil layers.  
Soil columns were filled with an air dried sandy soil which was sieved through 2-mm 
opening sieve. The macro-column surface was sprayed with herbicide formulations at 
the recommended field rate using an atomizer, whereas in micro-column the herbicide 
was applied with a pipette. The column was carefully irrigated with quantity of water 
equivalent to 500 m
3
/d applied using drip techniques discharge 1ml/min. The macro-
columns were left for 48 h for equilibration and then the tin columns was sliced along 
their lengths, hence forming two pots 10×5×25 cm each. Two rows of test plants were 
sown in each column half in two rows. To ensure growth, the pots were sprinkle 
irrigated as needed. Shoot height was determined 16 days after sowing and used as 
indicators to estimate the herbicide presence at different soil depths in the column. 
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Percent of growth inhibition at a soil depth was calculated according to equation (3.3) 
(El-Nahhal et al., 1998):  
                                 % Growth Inhibition = 100*(Pc -Pt)/Pc               (3.3)  
Where Pc and Pt are the shoot height of the control and the treated samples at any soil 
depth. 
Relative concentration of herbicide were determined at various soil layers by a 
reduction in tissue dry weight or height of the test plant using equation (3.4) and 
application of a linear regression equation generated from the standard curve. 
 
Y=mX                                                         (3.4) 
Y represents percent of growth inhibition of the test plant determined by equation (3.3), 
m represents the slope of line, and X represents linuron or diuron concentration mg/kg 
soil.  
3.7.4 Leaching studies in the field. 
Experiment was conducted in khanyounis only, beds (1 mwide and 2 m long) were 
prepared using a rotary tiller. Emulsifiable concentrate formulation at 1.5 kg/  ha, were 
applied pre-emergence using back pack motorized sprayer. A sprinkler irrigated system 
was used to water the field plots at 500 m
3
/d water. Soil samples were taken using one 
half of the tin metal column used in the laboratory experiment, gently inserted to a 
depth of 25 cm in each plot, supported with a wide spatula to ensure complete removal 
of the soil in the column. The full column will carefully be removed and transferred to a 
greenhouse. The column was divided into 2 portions, the portions were transferred to 
the green house for bioassay technique. One row of each, Mulukhiya seeds were sown 
in each column as described above. Presence of the herbicide formulations was 
estimated at various soil depths by a measuring the shoot height or fresh weight of the 
test plant. The results indicate how deep the herbicide had leached after 500 m
3
/d of 
irrigation. The columns were arranged in a completely randomized design with 5 
replications per treatment. Percent of growth inhibition at any soil depth was calculated 
















Figure (3.3a): Columns techniques used in the field study, where 1 is half column, 2 
columns full of sand, 3 spatula, 4 half full columns and 5 are covers. 
 
 
Figure (3.3b): columns techniques used in the laboratory study, where 1 is full 








3.7.5 Influence of various soils on leaching potential  
Soil samples was collected from different 3 agricultural locations in Gaza Governorate 
and used for leaching potential. In this technique 3 soil columns will represent an area 
and be sprayed with the herbicide concentrations and irrigated with the required amount 
of water as mentioned above. 
This experiment was allowed us to generate information about the possible interaction 
between herbicide and various soils. 
 
3.8 Statistical analysis. 
 The growth inhibition data was analyzed for variance, and main effects and 
interactions was tested for significance using repeated measures ANOVA. 
Univariate comparisons of mean growth inhibition at different depths were 
performed by T-test ( = 0.05), the statistical analysis was performed by using 


















Results and Discussion 
 
4.1 Soil Properties 
Properties of soil used in this study are shown in Table 4.1. It can be seen that pH 
values of the tested soils a range between 7.32- 8. Furthermore the EC values range 
from 1.81- 2.33 dS/m, the total organic matter range from 0.108%- 0.452%. This 
indicates that soil is nearly poor with organic matters. The clay fraction of soils range 
between10- 47%. 
The Characteristics of used soil are shown in Table 4.1 




OM % TOC% Sand% Silt% Clay% 
 
Texture 
Khanyuonis Governorate  8 1.592 0.762 0.442 62.5 17.5 20 Sandy loam 
Middle Governorate   7.32 1.813 0.254 0.147 87.5 1.25 11.25 Loamy sand 
North Gaza Governorate   7.33 2.36 0.571 0.331 60 12.5 27.5 Clay soil 
Khanyuonis (Field exp) 7.63 2.044 0.317 0.184 85 5 10 Loamy sand 
Clay soil  7.36 2.63 0.801 0.465 23 30 47 Clayey silt 
 
 
4.2 Adsorption isotherm of Linuron 
The relationship between the Optical Density (OD) and low concentration of linuron 
and diuron are shown in Figure 3.2. It is obvious that there are linear relationship 
between the OD and low concentration with R
2
 values for linuron and diuron equal 
0.9997. These results indicate strong positive association. Accordingly the equation of 
linear relationship of each figure was used to determine the remaining concentration of 
the corresponding compound in the aqueous solution in the adsorption experiment.   
Results of the control of adsorption experiments indicate no changes in the initial 
concentration of linuron and diuron in the glass tube that had not contain soil in the 
adsorption. Explanation of these results suggests that the glass tube used for adsorption 
experiment has no capacity to adsorbe the herbicides. Accordingly the disappearance of 
linuron or diuron in the experiment is due to the adsorption in the soil fraction. EL-
Nahhal & Safi, (2005) found similar results for other cases. 
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The plots of adsorbed linuron versus remaining concentration in Khanyounis soil are 
shown in Figure 4.1. The adsorbed amount increased with increasing the concentration 
of linuron. Application of linear regression appears best fit in the relationship between 
points and R
2
 value equals to 0.99 indicating strong positive association. 
This suggests high affinity of these soil samples for linuron at low herbicide 
concentrations. It appears that the adsorbed amount is very little (0.6%) the explanation 
of this result is linuron has hydrophobic nature and the soil is more hydrophilic due to 
the presence of organic cations in soil (Table 4.1), a previous report found same results 
in other case Franco et al., (1997).  
Nevertheless the adsorbed amount of linuron increased linearly as the concentration 
increased probably due to the high presence of clay fraction in soil (Table 4.1).  
EL-Nahhal & Lagely (2005) found similar phenomena for the adsorption of linuron in 
Bentonite clays, Sorensen et al., (2005) found that the linuron is bound to soil 
(especially clay) and organic matter and does not move freely. 
According to the classification of Giles et al., (1960), isotherms were of type L (linear 
mode). Fitting the data in Figure 4.1 to Freundlich equation are presented in shows 
linear relationship with R
2
= 0.9978 the k value equal 50.8 and n = 0.77 (see Figure 4.2), 
this results indicate physical interaction between linuron and/or soil organic matter, the 
value of n less than one indicate that the adsorption is physical adsorption and 
monolayer adsorption and the soil poorly adsorbed of linuron. 
 
The adsorptions of linuron in various soils from Gaza are presented in Figure 4.3. It 
appears that the adsorbed amount in North Gaza and Khanyounis Governorates soil is 
higher than that of Middle Governorate, this probably due to the high organic matter 
and clay fraction (Table 4.1). A previous report found that adsorption of linuron was 
significantly correlated with soil organic matter (Grover, 1975; Franco et al., 1997; 
Sánchez-Camazano et al., 2000; Kollogg et al., 2000; Sorensen et al., 2005). 
The soil of Khanyounis Governorate and North Gaza Governorate have high fraction of 
organic carbon 0.442% and 0.331% respectively (Table 4.1). This indicates that organic 
carbon was the main factor affecting linuron adsorption, Chiristen et al., (1996) found that 
organic carbon was the main factor affecting urea sorption phenylurea herbicides.  
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Adsorption of linuron in the North Governorate and in the Khanyounis are nearly 
similar degrades less to the high value of error bars. The explanation of this results that 
both soils have closed pH value making the ionization fraction are similar. Accordingly 






























































Figure (4.3): Adsorption of linuron in different soils from Gaza Governorates. Error 
bars represent standard deviation.  
 
4.2.1 Adsorption isotherm of linuron in clay soils 
The adsorption isotherm of linuron in clay soil is shown in Figure 4.4. The adsorption of 
linuron increased as its concentration in the equilibrium solution is increased, indicating 
strong positive correlation. Adsorption of linuron was affected by the concentration, due 
to the clayey characteristic of the soils and the hydrophobic behavior of the linuron (log 
Kow = 3). 
According to the classification of Giles et al., (1960) isotherms were of type L (linear 
mode), this linear mode confirming the high affinity of the sorbents for the solute at low 
concentrations.  
Fitting the data in Figure 4.4 to Freundlich equation are presented in Figure 4.5, shows 
linear relationship with R
2
 = 0.9873, k value equal 58.46 and n = 0.665, these results 
indicate physical interaction between linuron and/or soil organic matter, the n value <1 
wich indicate that the adsorption is physical and monolayer adsorption. 
With n value <1 the slopes of the Freundlich isotherms (1/n < 1) are consistent with this 
explanation, resulting in a high affinity for the solute in the low-concentration range. 
Thus, the L-type isotherms observed for linuron are probably due to the wide range of 
concentrations used. Businelli et al., (1992) showed that the 1/n values for the 
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Freundlich isotherms reported in log form vary from 0.696, at high concentrations of 
linuron, to 0.961 when the concentration range is under 1 ppm.  
Linear isotherms were obtained for solutes that penetrate into the solid more readily 
than does the solvent (Giles et al., 1974). Linuron has no acidic functional groups that 
can dissociate at high pH, nor other functional groups carrying a positive charge, 
therefore, were linuron molecules in solution adsorbed by hydrophobic bonding, which 
generally the principal force which contributing to the adsorption process. Hence, it is 
the nature and hydrophobicity of the different materials that affect the extent and 









































Figure (4.5): Freundlich plots of linuron adsorption in clay soil. 
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4.3 Adsorption isotherm of diuron 
 
The relationship between the adsorbed diuron and the remaining concentration in 
Khanyounis Governorate soil for various initial concentrations are shown in Figure 4.6. 
The adsorption of diuron increases as its concentration in the equilibrium solution is 
increased, indicating strong positive correlation and appear best to fit in the relationship 
between points.  
The isotherm is of type L according to the classification of (Giles et al., 1960). It has 
been stated by that magnitude of the exponent 1/n gives an indication of the favor-
ability and capacity of the adsorbent/adsorbate system. The soils of Khanyounis 
Governorate showed L-type isotherm (1/n > 1), which indicates that diuron is adsorb to 
the clay fraction of soil, besides organic matter. These isotherms have been previously 
reported for diuron adsorption (Chaplain et al., 2008; Ahangar et al., 2009). 
Fitting the data in Figure 4.6 to Freundlich equation are presented in Figure 4.7, shows 
linear relationship with R
2
 = 0.9862. The k value equal 49.2 and n = 0.752 these results 
indicate physical interaction between and/or soil organic matter, soil organic matter 
plays a main role in adsorption of organic pesticides, which was proved in many 
researches (Kumar, 2006; Tang, 2009). Chaplain et al., (2008) thought the soil 
hydrophobicity was an important factor for the diuron adsorbed. 
In Figure 4.6 the adsorption of diuron in Khanyounis soil is low at pH= 8. This can be 
explained the a adsorption of diuron decrease with the increasing pH, a similar result 
obtained by  Yihua liu et al., (2010) they found  that the adsorption of diuron on the 
selected soils were rather high at low pH values and decreased with the increasing pH 
values of the suspension.  
Figure 4.8 presented the plot of adsorption of diuron in various soils from Gaza 
Governorates, it appears that the adsorbed amount in North Gaza Governorate soil is the 
highest among the selected soils. This can be explained the fact that North Gaza 
Governorate soil have the highest clay minerals (27.3%) and have high organic matter 
(0.571%), followed by Khanyounis Governorate soil which have the seconed clay 
mineral content (20%) and have the highest organic matter content 0.762% (Table 4.1). 
The adsorbed amount in North Gaza Governorate and Khanyounis Governorate soil is 
higher than that of Middle Governorate, this probably due to the high organic matter 
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and clay fraction (Table 4.1), this probably due to cation exchange capacity in the clay, 
Majka & Lavy, (1977) found smilar results in silty clay loam soil.  
Clay and organic matter are often intimately associated, a previous report found that the 
organic matter was the key adsorbent for diuron (Reddy et al., 1991; Kollogg et al., 
2000; Ahangar et al., 2008; Wang & Keller, 2009). 
Afifi & Abu-Swareh, (1999) found that the organic matter in Gaza soils play an 






















































Figure (4.8): Adsorption of diuron in different soils from Gaza Governorates. Error 
bars represent standard deviation. 
 
4.3.1 Adsorption isotherm of diuron in clay soils 
 
A linear relationship was found between the adsorbed concentration of diuron and 
equilibrium liquid-phase concentrations over the range of concentrations used in clay 
soil as shown in Figure 4.9.  
The isotherm is of type L according to the classification of (Giles et al., 1960), which 
shows the adsorption curve for diuron in clay soil at relatively low range of equilibrium 
concentration. This low concentrations range is prompted by the low solubility of 
diuron, the adsorption curve for clay soil show initial slight increase in adsorption with 
increase in concentration.  
The Koc values of diuron range from 418 to 574 which indicate that diuron is 
moderately adsorbed to the soils tested and are rated as being of low to medium 
mobility. The narrow range of Koc indicates that the organic matter is the major 
determinate of adsorption (APVMA, 2011). The large range for the Koc values 
indicates that other factors such as physical chemical properties of the soils and content 
and composition of clay minerals could also be factors in the adsorption of diuron. 
Converting the data in Figure 4.9 to a log scale gave Freundlich plots as shown in 
Figure 4.10, shows linear relationship with R
2
 = 0.981. The k value equal 56.66 and n = 
0.611 this results indicate good fit Although the sorption of diuron onto clay soil or soil 
fractions used here was nearly linear, it obvious that the n value <1 which indicates the 
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adsorption of diuron on clay soil was physical adsorption and monolayer, these results 
indicate poor adsorption (Helby, 1952), the explanation of these results that the organic 
carbon content in clay soil play an important role affecting the adsorption of diuron. 
Comparing the adsorption of diuron in clay soil and others soil it appear that The 
adsorbed amount of diuron on clay soil is higher than that of other soils, the explanation 
of these result is probably due to that the clay soil have higher Cation exchange capacity 
and have higher organic matter content. These results agree with the result obtained by 
Majka & Lavy, (1977). 
It is well established that the uptake of hydrophobic organic compounds from aqueous 
solution is strongly correlated with soil organic carbon (Karickhoff, 1984). It appears 
that diuron higher hydrophobicity than linuron results in higher partitioning into soil 
organic carbon and a higher Kf than linuron. Although a number of researchers have 
hypothesized additional site-specific interactions between the polar groups of the 












































Figure (4.10): Freundlich plots of diuron adsorption in clay soil. 
 
 
The Freundlich constants “k” and “n” for diuron and linuron with the correlation 
Coefficient “r
2
” for Khanyounis governorate soil and clay soil are listed in Table 4.2. 
 
Table (4.2): Freundlich constants “k”“n” for diuron and linuron and “r
2”
 for Khanyounis 
Governorates soil and clay soil.  
Area 
Herbicide 
Khanyounis soil Clay soil 
k n r
2
 k n r
2
 
Diuron 49.2 0.752 0.986 56.66 0.61 0.981 
Linuron 50.82 0.77 0.997 58.46 0.66 0.987 
 
The Freundlich constant “k”, which related to the adsorption capacity for diuron and 
linuron, increased with an increase of the soil clay fraction and organic matter.  
Also indicate that “n” values of the adsorption of diuron and linuron were found to be 
less than one, these results indicate poor adsorption (Helby, 1952). Table 4.2 show that 
“r
2
” at least 0.98, which indicates an excellent fit of the data of adsorption of both 
compounds to the Freundlich equation. 
Khanyounis Governorate soil and clay soil have high clay fraction which formation of 
H-bonding with water molecules. Clay fractions stand behind the high value of "k "due 
to the high adsorption capacity of clay minerals (Lagaly, 1994). Similar result 
phenomena obtained by Lányi & Dinya, (2005) they reported that according to the 
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receptor theory, this hydrogen plays a role in the formation of the hydrogen bond being 
significant in the mode of action of ureas. 
A previous reports found that linuron was adsorbed by a coordination bond, through a 
water bridge, between the C = O group of the molecule and the exchangeable cation, the 
N-H group in linuron seemed to be hydrogen bonded (Franci et al., 1990). Liu 
Weiping, (1995) Reported that some bonding mechanisms between linuron and soil 
components were, hydrogen--bond, coordination bond and ionic bond. 
4.4 Leaching Studies  
4.4.1 Selection of the test plant to diuron/ linuron 
Selection of the test plant was done by making a dose response curve with very low 
concentrations, the linear regression equations generated from the dose response curve 
for each test plant are shown in Table 4.4. GI% was calculated by application of linear 
regression equations. 
The linear regression equations in Table 4.4 for the test plant Corochorus Olitorius 
(Mulukhiya), cucumber (cuc), beans and peas with R
2 
value equals to 0.9896, 0.9762, 
0.8452, 0.9423 respectively indicating linear relationship between growth inhibition and 
herbicide concentration, which indicate  strong positive correlation. 
 GI% of different plants to wide range of diuron is shown in Figure 4.11a. it is obvious 
that the GI% of herbicides to the test plants bean, peas, cucumber and mulukhiya 
increases with increasing the herbicides concentration, GI% of bean were 5%, 10% and 
15% at concentration 0,05, 0,11 and 0,22 mg/kg soil respectively and GI% of peas were 
10%,115% and 5% at concentration 0,05, 0,10 and 0,22mg/kg soil respectively, this 
result obvious low sensitivity of beans and Peas to the low herbicides concentration. 
These indicate low sensitivity test plant for the method used. 
GI% of cuc were 12%, 18%, 30% and 58% at concentration 0.025, 0.05, 0.1 and 0.22  
mg/kg soil respectively, these result indicate that high sensitivity of cucu to low 
herbicides concentration. GI% of Mulukhiya )mol) were 10%, 17%, 28% and 78% at 
concentration 0.025, 0.05, 0.1 and 0.22 mg/kg soil respectively, it is obvious that  
Mulukhiya is the most sensitive test plant to low concentration of herbicides which 




Table (4.3): Scientific, Common Name and Acronym for the test plant used. 
 
Scientific Nam Common name Acronym 
Phaseolus vulgaris beans bean 
Corochorus Olitorius mulukhiya mul 
Cucumis sativus cucumber cuc 

















































Figure (4.11b): sensitivity of the tested plant to linuron concentrations. 
 
GI% of different plants to a wide range of linuron are shown in Figure 4.11b. It can be 
seen that mulukhiya (mul) and cucumber (cuc) were inhibited more than peas and bean. 
These data indicate that mulukhiya (mul) and cucumber (cuc) are sensitive test plants. 
Accordingly mulukhiya (mul) was taken as test plant. These results in is nearly similar 
to diuron and have the same trends with little variation never the less. 
 
Table (4.4): linear regression equation of the sensitivity plants to herbicide 
concentrations  
  
Test plant Equation R
2
 
mulukhiya Y=  317.46X 0.9896 
cucumber Y= 259.45X 0.9762 
bean Y= 126.23X 0.8452 







4.4.2 Does response relationship 
A linear relationship between diuron, linuron concentration and GI% was observed as 
shown as Figure 4.12a, b. This indicates a high sensitivity of the method used and a 
strong positive correlation, thus a linear regression equation (Table 4.5) was used to 
determine the relative concentration of diuron, linuron in soil sample at various depths. 
 











Khanyounis Governorate  Y=233.63X 0.95 Y=275.73X 0.91 
Middle Governorate Y=662.07X 0.95 Y=265.21X 0.98 






























 Figure (4.12b): Dose response relationship of linuron in Middle Governorate soils. 
4.4.3 Leaching potential in soil columns of diuron  
Leaching potential of diuron in Khanyounis Governorate soil under laboratory condition 
is shown in Figure 4.13a. It can be seen that the herbicidal activity accumulated in the 
top soil layer (0-5 cm) then considerable amount of diuron moves down to 10 cm and 
then to a depth of 11 cm. At deeper depth the test plants grow normally indicating 
absence of diuron concentration in the soil layer. Accordingly diuron can be classified 
as low potential leacher in Khanyounis Governorate soil. 
These results indicate that diuron retained in the top soil layer (0-10 cm), leaching of 
diuron was restricted in Khanyounis Governorate soil due to the adsorbtion of diuron 
which have high organic matter content and high clay fration (Table 4.1). These results 
are in agreement with a previous study, which reported that diuron did not reach deeper 
than the 16 cm depth (Bergström et al., 1996; Futch & Singh, 1999). 
These results showed that the leached amounts of diuron were very small, indicating 
that there is little risk of diuron contaminating groundwater at currently labeled rates, 
these results suggest that when the precipitation or irrigation rates exceed the normal 
rate, diuron may be transported from top soil layer to deeper depths, which lead to pose 
a potential risk of contamination of the shallow groundwater aquifer. A previous 
research shows groundwater contamination by diuron in other countries (Giacomazzi & 





















Figure (4.13a): Leaching of diuron in Khanyounis Governorate soils. Error bars 
















Figure (4.13b): Leaching of diuron in Middle Governorate soils.  
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Leaching potential of diuron in Middle Governorate soil under laboratory condition is 
shown in Figure 4.13b. It is obvious that the herbicidal activity of diuron was medium 
in the top soil layer (0- 5cm) having 70% GI. Then severe growth inhibition was 
restricted to the soil layer (6- 11cm), followed by relatively weaker growth inhibition at 
a deeper layer (12- 18cm). Normal growth of the test plant was observed in the deepest 
layers (18-25cm), thses indicate absence of diuron concentration in the soil layer (18-
25cm).  
These results indicate that diuron moves down from the top layer to the deeper depths 
and reach to the depth of 18 cm. Accordingly, diuron can be classified as a high 
potential leacher in soil profile in Middle Governorate soil. The greater mobility of 
diuron and its deeper migration in to the soil columns might be due to its lower 
adsorption. Furthermore the adsorption results in Middle Governorate soil as Figure 4.8 
was the lowest among all soil, whereas the increase in sand content in Middle 
Governorate soil let diuron move easily. APVMA, (2011) reported that diuron moved 
into the soil more than 17 cm in sandy soil. 
Comparison between the data in Figure 4.13a and 4.13b, it is obvious that the leaching 
potential of diuron in Khanyounis Governorate soil is lower than the soil of Middle 
Governorate soil, the explanation of these results is that khanyounis Governorate soil 
contain higher fraction of organic matter 0.76% than that of Middle Governorate which 
contain 0.25% (Table 4.1), high organic matter in soil reduce the leaching of herbicides 
through the soil profile due to high herbicide adsorption. Therefore, it was assumed that 
the high organic matter content of Khanyonis Governorate soil would restrict the 
movement of diuron through the profile when compared to Middle Governorate soil. 
In addition, the clay fraction in Khanyounis Governorate soil is nearly 2 times higher 
than Middle zone soil (Table 4.1). Similar results were previously shown the clay 
fraction in soil has greater effect in redeucing the leaching potential of herbicides (El-
Nahhal, 2003). 
The result show that the soil of Middle Governorate had one of the lowest organic 
carbon contents (0.15%) among the sites, the soil pH < 7 at the Middle Governorate 















Figure (4.13c): Leaching of diuron in North Gaza Governorate soils.  
Leaching potential of diuron in North Gaza Governorate soil under laboratory condition 
is shown in Figure 4.13C. It is obvious that the herbicidal activity of diuron is very high 
in the top soil layer (0- 4 cm), followed by relatively weaker growth inhibition at a 
deeper layer (5- 12 cm) with normal growth of test plant in the layer (13-25 cm). 
This data indicate that considerable concentration of diuron retained in the top soil layer 
(0-10 cm) in the soil column under the laboratory condition. Accordingly, diuron can be 
classified as low potential leacher in soil profile in North Gaza Governorate soil. The 
explanation of these results is that North Gaza Governorate soils contain high organic 
matter 0.571% and the highest clay fraction 27.5% (Table 4.1). Also high organic 
matter in the soil reduces the leaching of herbicides through the soil profile due to high 
herbicide adsorption. Furthermore the adsorption of diuron in North Gaza Governorate 
soil is the highest among all soils (Figure 4.8), Itoh & Manabe, (1997) who found that 
the movement of diuron in soil decreased with the increase of the organic matter. Our 
results are in agreement with El Imache et al., (2009) who obtained similar results for 
diuron in loamy clay soil.  
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Accordingly to the leaching potential of diuron it is appear that the soil properties are 
the main factor affecting the leaching potential. These results consistent with APVMA, 
(2011) they reported that diuron moved into the soil more than 17 cm in sandy soil 
(69% sand, 10% clay) and 0-5cm in the clay soil (38% sand, 28% clay). 
  
Leaching potential of diuron in field plots 4.4.4   
Leaching potential of diuron under field conditions is shown in Figure 4.14. Under field 
condition the herbicidal activity of diuron is very high in the top soil layer (0-4 cm), and 
then a reduction of the herbicidal activity is observed in the deeper layer (5-10 cm), then 
low herbicidal activity in the layer (10-15 cm). Normal growth of test plant is observed 
in the layer (15-25 cm), these data indicate absence of diuron concentration in the layer 
(15-25 cm). These results indicate that diuron concentration were higher in the top soil 
layer (0-10 cm) under the field condition accordingly, diuron can be classified as low 
potential leacher in soil profile in field soil in Khanyounis Governorate. The explanation 
of these results is similar to that given above. 
The results indicate that the leaching of diuron under field condition were lower than the 
leaching under laboratory conditions. The explanation of these results that in the field 
plots diuron may exposed to the biodegradation, photodegradation and volatilization, 
diuron may move in two directions, horizontal and perpendicular, there is an upward 
movement of diuron in response to water evaporation in addition to the downward 
movement in water rainfall or irrigation.  
The presented results clearly demonstrate the reduced leaching of diuron which gave 
severe growth inhibition in the top soil layers.    
Itoh & Manabe, (1997) reported that an increase in soil organic matter content 
increases the adsorption coefficient for herbicides which, in turn, accounts for the 
decreased depth of leaching. Tweedy, (1999) showed limited leaching of diuron in the 
field with no detections below 30cm.  
Our results agree with Bergström et al., (1996) who found at the higher rate of 4 kg 
ai/ha, 17 leachate samples contained diuron above the limit of detection from 34 
samples were taken. The results also agree with Guzzella et al., (2006) who found that 
diuron were detected only in the surface layer (0–10 cm) of a silty loam soil, and found 
















Figure (4.14): Leaching of diuron in Khanyounis Governorate soils under field 
conditions 
4.4.5 Leaching potential of linuron in columns  
Leaching potentials of linuron in different soils of Gaza are shown in Figure 4.15(a- c). 
The leaching potential of linuron is nearly similar to diuron except of Middle 
Governorate soils which has the same trends with little variation nevertheless. The 
measure of linuron in the top soil layers in all test soils shows little movement to deeper 
depths. The explanations of these results are nearly similar to those given for diuron. 
The different leaching behavior in Middle Governorate soil is probably due to the 
variation in soil properties (Table 4.1) and /or degradation factors.  
The relationship between the soil depth and %GI are presented in Figure 4.15 (a-c). The 
plot of soil depth versus growth inhibition in Khanyounis Governorate soils and growth 
inhibition are presented in Figure 4.15a. These results indicate that the herbicidal 
activity of linuron in Khayounis soil is very high in the top soil layer (0- 6 cm), then a 
reduction of the herbicidal activity is observed in the deeper layer (7-16 cm). Normal 
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growth of test plant is observed in the layer of (16-25 cm), this results indicate that high 
concentration of linuron retained in the top soil layer (0-13 cm), and linuron classified 
as low leacher potential. 
The explanation of these results that Khanyounis Governorate soil have the highest 
content of organic matter and high clay fraction and the adsorbed amount of linuron 
































Figure (4.15b): Leaching of linuron in Middle Governorate soils.  
Leaching potential of linuron in Middle Governorate soil under laboratory condition is 
shown in Figure 4.15b. It is obvious that the herbicidal activity of linuron was low in 
the top soil layer (0- 5 cm), and then increasing of the herbicidal activity is observed in 
the deeper layer (6- 9 cm). Then high increasing of the herbicidal activity is observed in 
the layer (10- 14 cm). Then a reduction of the herbicidal activity is observed in the layer 
(15- 20 cm), at the deepest layer (21-25 cm) the test plants grow normally indicating 
absence of linuron concentration in the soil layer, these results indicates that linuron 
moves down from the top layer to the deeper depths. Accordingly, diuron can be 
classified as a high potential leacher in soil profile in Middle Governorate soil (sandy 
soil). Furthermore the adsorption result in Middle zone (Figure 4.3) was the lowest 
among all soils. 
It is obvious that linuron may be transported in the sandy soil from the surface soil to 
deeper depths and pose a potential risk of contamination of groundwater aquifer, a 
previous researchs show groundwater contamination by linuron (Smith et al., 1999; 
Tauler et al., 2001; Hoheisel et al., 1992; Bauer et al., 1998).  
Comparing the result in Figure 4.13b with the results in Figure 4.15b and comparing the 
result in Figure 4.13a with the results in Figure 4.15a, it is obvious that linuron is more 
mobile than diuron. Our results in agreement with El Imache et al., (2009) found that 
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diuron is less mobile than linuron in loamy clay soil. The explanation of these results is 
that the slightly higher adsorption coefficient of diuron (Koc = 480) relative to linuron 
(Koc =400) in the loamy clay soil.  
The leaching potential is higher in Middle Governorate than in kanyounis soil. This is 
possibly due to the low organic matter in the Middle Governorate soils and high fraction 














Figure (4.15c): leaching of linuron in North Gaza soils. 
The plot of soil depth versus growth inhibition in North Gaza Governorate are presented 
in Figure 4.15 c, this results appear that the herbicidal activity of linuron accumulated in 
the top soil layer (0-5 cm) then moves down to 9 cm, then normal growth of test plant in 
the layer (10-25 cm), these data indicate absence of linuron concentration in the soil 
layer. 
These results appear that linuron retained in the top soil layer (0 -9 cm), which gave 
severe growth inhibition in the top soil layer. Accordingly, linuron can be classified as a 
low potential leacher in soil profile in North Gaza Governorate, the explanation of these 
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results that North Gaza soil have high contain of organic matter 0.571% and high 
organic carbon contain 0.331% and have the highest contain of clay fraction 27.5% 
among sites which increase the adsorption of linuron, then adsorption isotherm of 
linuron is higher than among site as in Figure 4.3. Our results in agree with Guzzella et 
al., (2006). 
4.4.6 Leaching potential of linuron in field plots   
Leaching potential of linuron under field conditions is shown in Figure 4.16. These 
results are similar to those of diuron under field conditions. The explanations of these 
results are similar to those given to diuron. Application of 2 field rate of diuron showed 
deeper depth of leaching (Data not shown). These results indicate that higher 
application rate tends to increase the leaching potential under field conditions. The 
relationship of soil depth in field plots versus %GI in Khanyounis Governorate is shown 
in Figure 4.16. 
Under field conditions the herbicidal activity of linuron is very high in the top soil layer 
(0-4 cm), followed by relatively weaker growth inhibition at a deeper layer(5-10 cm), 
low herbicidal activity in the layer (10-15 cm) and normal growth of test plant in the 
layer (15-25 cm). This data indicate absence of linuron concentration in the soil layer, 
these results indicate that linuron retained in the top soil layer (0-13 cm), accordingly, 
linuron can be classified as moderate potential leacher in soil profile in field soil in 
Khanyounis Governorate. 
Similar to the case for diuron discussed above, here linuron was demonstrated to be 
more mobile in sandy soil with low organic matter content than in both the clay and 
sandy loam soils. 
 Linuron was leached to greater depths of the columns compared to field experiment, the 
explanation of these results is that Principal factors affecting persistence of linuron in 
soils are their decomposition by microorganism, leaching, adsorption on soil colloids, 
and photo-decomposition (Klingman et al., 1975). The organic matter in soils 
influences phytotoxicity (GI) of phenylurea herbicides by increasing adsorption and 


















Figure (4.16): Leaching of linuron under field conditions in Khanyounis soils. Error 
bars represent standard deviation. 
Comparison between the leaching potential under laboratory's and under field 
conditions show that leaching potential under field conditions is less than under 
laboratory condition. The explanation of these results is that under laboratory condition 
the leaching potential has downward movement, whereas, at field condition the leaching 
potential moves downwards and horizontal. This reduces the depth of downward 
movement. Furthermore under dry condition, upward movement in the field may occur 
accordingly herbicides concentration may move from bottom to top. Similar explanation 








Table (4.6): Maximum growth inhibition and the maximum depth of diuron and 
linuron. 
Herbicide 
   Soil type 
Diuron Linuron 
Max %GI Max depth Max %GI Max depth 
Khanyounis Governorate 90% (0-4 cm) 12 cm  92% (0-4 cm) 16 cm 
Middle Governorate 98% (7-11 cm) 18 cm  98% (10-13 cm) 21 cm 
North Gaza Governorate 95% ( 0-4 cm) 12 cm 95% ( 0-5 cm) 11 cm 
Field experiment 97% (0-4 cm) 15 cm 98% (0-4 cm) 15 cm 
Note: Max % GI= maximum percent of growth inhibition. 
Table (4.6) Presents the maximum %GI of diuron and linuron. The maximum %GI of 
diuron in Khanyounis and North Gaza Governorates were 90% and 95% in the soil 
layer (0-4 cm). 
These results indicate that high concentration of diuron concentrated in the top soil 
layer, this result may refer to the high clay fraction and organic content in the both soil 
which increase the adsorption of diuron in this layer. Diuron has low solubility and 
hydrophobic nature, the soil organic matter acts as a non-polar phase or surface and 
consequently is the main sorbent for diuron. In addition the clay minerals are negatively 
charged and exchange cations are present, they can influence the adsorption of ionic 
molecules by ion exchange. Diuron and linuron are neutral non-polar herbicides may 
bind to mineral surfaces by the London-van der Waals interaction. 
Comparison between the maximum depth of diuon and linuron in Khanyounis and 
North Gaza Governorates, these results appear that linuron reach to a deeper depth (16 
cm) than diuon. These may refer to that the adsorption of linuron (KOC=400) is lower 
than diuron (KOC= 480), then linuron reach to a deeper depth (16 cm). It may also refer 
to the high hydrophobicity of diuron and the strong binding mechanism of ion exchange 
to negatively charged mineral surfaces. Diuron solubility (41mg/l) is lowr than that of 
linuron (81mg/l), this lead to increase the mobility of linuron. 
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The maximum %GI of diuron in Middle Governorate was 98% at depth of (7-11 cm) 
and reach to maximum adepth of 18 cm. these results indicate that diuron was leached 
from the top soil layer to a deeper depth and the maximum concentration of diuron was 
in the layer (7-11 cm). It may refer to high sand content and low organic matter, which 
increase the mobility of diuron due to the lower adsorption. On the other hand the 
maximum %GI of of linuron was %98 at depth of (10-13 cm) and reaches to  a 
maximum depth of 21cm. the explanation of these results similar to the above of diuron. 
The increasing in the maximum depth may refere to the solubility of linuron more than 
diuron which increases the mobility. These results indicate that linuron more mobile 
than diuron in the sandy soil, El Imache et al., (2009) found that linuron mobility is 
greater than that of diuron. 
Under field conditions the maximum %GI of diuron and linuron are similar. These 
results indicate that both of herbicides retained in the soil top layer, low concentration 
were detected in adeeper depths ( 15 cm), thses indicate that under field condition the 
leaching potential of diuron and linuron less than the lab conditions.  
 
4.4.7 Estimating the concentrations of diuron and linuron 
Estimating the relative concentrations of diuron and linuron at different soil depths 
under laboratory and field conditions are performed according to the dose response 
equations (Table 4.5). The data are presented in Table 4.7 and 4.8. 
Table (4.7): Remaining concentration of linuron (mg/kg soil), average ± standard 
deviation. 








0-5 0.34±0.01 0.18±0.00 0.38±0.06 0.11±0.03 
6-10 0.23±0.00 0.28±0.05 0.16±0.11 0.06±0.02 
11-15 0.15±0.04 0.23±0.12 BD 0.01±0.01 
16-20 BD 0.08±0.05 BD BD 
21-30 BD BD BD BD 





Table (4.8): Remaining concentration of diuron (mg/kg soil), average ± standard 
deviation. 








0-5 0.36±0.06 0.12±0.03 0.36±0.02 0.13±0.00 
6-10 0.20±0.07 0.16±0.05 0.14±0.03 0.10±0.03 
11-15 0.06±0.08 0.04±0.05 0.03±0.00 0.04±0.03 
16-20 BD 0.01±0.00 BD BD 
21-30 BD BD BD BD 
Note: BD = below detection limit, average ± standard deviation. 
The remaining concentrations of linuron and diuron in the soil layers of different soil 
using does response equation are presented in Table (4.7, 4.8) 
The remaining concentration of linuron (Table 4.7) in the top soil layer (0-5 cm) in 
Khanyounis Governorate, North Gaza Governorate, Middle Governorate and field 
experiment soil were 0.34, 0.18, 0.38 and 0.11 mg/kg soil respectively, in deeper depth 
(6-10 cm) the remaining concentration of linuron in Khanyounis Governorate, North 
Gaza Governorate, Middle Governorate and field experiment soil were 0.23, 0.28, 0.16, 
0.06 mg/kg soil respectively.  
At deeper depth in Khanyounis Governorate and field experiment, the remaining 
concentration in (16-30 cm) was below detection limit whereas in North Gaza 
Governorate the remaining concentration was below detection limit. The explanation of 
these results is that linuron is concentrated in the top soil layer (0-10 cm) in North Gaza 
Governorate soil which contain higher organic matter (Table 4.1) than that of Middle 
Governorate and field experiment soil and have high clay fraction the result again to the 
Figure 4.15 a - c and but in Middle Governorate soil the remaining concentration reach 
to 20 cm depth which contain pH=7.32 and fraction of sand (85%). These results agree 
with Figure 4.15b. 
In the field experiment the remaining concentration was low (18 mg/kg soil) in total. 
Regardless to the fact, it reaches to (11-15 cm) soil depth the amount is low comparing 
to the other soils.  
The explanation of these results under field condition some evaporation, photochemical 
and biodegradation may occur. A similar result agree with Badawi et al., (2009) 
65 
 
Biological degredation of linuron (Tixier et al., 2002, dejonghe et al., 2003; Sorensen 
et al., 2003; Sorensen et al., 2005) and direct photolysis (Faure & Boule, 1997), 
Durand et al., (1992) found that the higher influence of temperature in the degradation 
of linuron  
The total remaining concentrations of linuron in the top soil layer (0-15 cm) in 
Khanyounis Governorate, Middle Governorate, North Gaza Governorate and field 
experiment soils were 0.34, 0.69, 0.54, 0.72, 0.18 mg/kg soil respectively, this indicate 
that adsorbed amount of linuron of North Gaza and Khanyounis Governorate soils were 
higher than that of Middle Governorate which contain low organic matter and clay 
fraction. The results indicate that the soil organic matter reduce the leaching of linuron 
in the soil profile due to high adsorption of linuron, this agree with Figure 4.3. These 
result are consistent with Fouqu´e. et al., (1996) who found that the retention and 
mobility of phenylureas influenced by soil organic matter.  
 
The remaining concentration of diuron (Table 4.8) in the top soil layer (0-5 cm) in, 
Khanyounis Governorate, Middle Governorate, North Gaza Governorate and field 
experiment soil were 0.36, 0.12, 0.36 and 0.13 mg/kg soil respectively, in a deeper 
depth (6-10cm) the remaining concentration of diuron in Khanyounis Governorate, 
Middle Governorate, North Gaza Governorate and field experiment soil were 0.14, 
0.16, 0.20, 0.10 mg/kg soil respectively. 
 At a deeper depth (11-15 cm) the remaining concentration of diuron in Khanyounis 
Governorate, North Gaza Governorate, Middle Governorate, and field experiment soil 
were very little 0.06, 0.04, 0.03, 0.04 mg/kg soil respectively, at the deepest layer (15- 
30 cm) in Khanyounis Governorate and North Gaza Governorate, field experiment soil 
the remaining concentration were below detection limit whereas in Middle Governorate 
the remaining concentration in the layer of (21- 30 cm) were below detection limit. The 
explanation of this result that the remaining concentration of diuron is concentrated in 
the top soil layer (0-10 cm) in Khanyounis Governorate and North Gaza Governorate 
soil which contain higher organic matter (Table 4.1) than that of  Middle zone and field 
experiment soil  and have high clay fraction  (Figure 4.13 a- c and 4.14). But in Middle 
Governorate the remaining concentration reaches to 25 cm depth which contain fraction 
of sand (85%) this result agree with Figure 4.13b and this results indicate that diuron 
more mobile in sandy soils. 
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In the field experiment also the remaining concentration was very little 27 mg/kg soil in 
total. Regardless to the fact it reaches to (11-15 cm) soil depth the amount is very little 
comparing to the other soils. The explanation of this result under field condition some 
evaporation, photochemical and biodegradation may occur. These results are consistent 
with, Bogaerts et al., (2000) who found that diuron degraded but not entirely 
mineralized (Geißbuhler et al., 1973; Vroumsia et al., 1996; Gillian et al., 2001) they 
reported that the microbial metabolism is, in fact, recognized as the primary force in 
transformation and mineralization of phenylurea herbicides. The top soil layer is 
considered the most biologically active one and consequently linuron and diuron be 
exposed to soil microorganisms and being degraded to non toxic compound. 
The remaining concentration in total of diuron in the top soil layer (0-15 cm) in 
Khanyounis Governorate, Middle Governorate, North Gaza Governorate and field 
experiment soil were 0.62, 0.33, 0.53, 0.27 mg/kg soil respectively. This indicates that 
the adsorbed amount of diuron of Khanyounis Governorate and North Gaza 
Governorate soil were higher than that of Middle Governorate which contain low 
organic matter and clay fraction the result indicate that the soil organic matter reduce 
the leaching of diuron in the soil profile due to high adsorption of diuron, and formation 
of greater amounts of bound-residues of diuron (Figure 4.8), these result are consistent 
with (Fouqu´e. et al., 1996;El Imache et al., 2009; Bergström et al., 1996; Guzzella 














Conclusion and Recommendations 
 
5.1 Conclusion 
This study presents an attempt the leaching potential of linuron and diuron in selected 
soil from Gaza Governorate, Palestine. Our idea for this study based on the following 
approach: 
a. The first step is to understand the adsorption behaviour using batch equilibrium 
technique and spectrophotometer to determine the residual concentration of the tow 
herbicides.  
b. The second step is to understand the leaching potential under laboratory and field 
conditions using column technique and biooassay to integrate the results of these 
experiments together.  
Isotherm is in accord with the freundlich adsorption equation with r
2
 value 0.99, the 
parameters of this isotherm have been calculated. 
The values of “n” in Freundlich equation were less than “one” for all the adsorbent soils 
with both diuron and linuron, indicating a poor adsorption for both compounds with the 
soil used. It has been found that the Freundlich constant “k” for both diuron and linuron 
strongly related to soil organic matter content rather than to the soil minerals, were “k” 
increase with increasing the soil organic matter content, which indicates that the organic 
matter content has the main role in the adsorption process 
The amount of linuron and diuron adsorbed in the selected soils from Gaza 
Governorates were similar in the trend of adsorption. Generally the adsorption of those 
herbicides was poor in most soils and considerably affected by three factors: 
1) Clay fraction are negatively charged and exchange cations are present, they can 
influence the adsorption of ionic molecules by ion exchange 
2) Soil pH, pH dependence derives mainly from the different proportions of ionic 
and neutral forms of the herbicides present at each pH level and from differences 
in their strength of sorption     
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     3) Organic matter which acts as a non-polar phase or surface and consequently is the 
main sorbent for diuron and linuron 
Leaching potential of both herbicides in Gaza soils varies from one soil to others  and 
considerably was affected by the same factors mentioned above. 
The leaching potential of both herbicides in the selected soils was strongly retained in 
the top soil layers. The interesting results of this study are that both herbicides were 
retained in the top soil layer.  This conclusion is in accord with adsorption results. 
The rational of this work comes from the fact that soil pH and organic matter have 
strongly effluences in adsorption and mobility. Field experiments demonstrated less 
leaching potential than in the lab experiments.  
The leaching process of herbicides and groundwater contamination of herbicides 
depends on soil and herbicides properties. 
5.2 Recommendations 
 Application of linuron and diuron is favorable in soils having high fractions of 
clay and organic matter and acidic soil.  
 Application of these herbicides in sandy soils is not recommended due to 
possible enhanced leaching potential. 
 Addition of organic matter to soils is recommended for soil content of organic 
matter should be increased by using manure and compost in particular. This will 
increase the soil biological activity and its ability for adsorption as well and 
reducing the leaching potential of herbicides. 
 
 
 Herbicides of great danger to groundwater should be identified and used on a 
very small scale or bannedin areas where groundwater is used for drinking 
especiallyin the end of autumn and in winter. 
 Educational and public awareness aprogrammes for farmers and agriculturists 
should be conducted to increase the participation of the people in protecting the 
environment. 
 More researches in this field should be carried out. 
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